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CHAPTER I
INTRODUCTION, STATEMENT OF THE PROBLEM AND HYPOTHESES 
In tro d u c t io n
D uring th e  decade o f th e  1960s, th e  S c ien ce  C urricu lum  Improvement 
Study in tro d u c e d  a co n cep t to  s c ie n c e  e d u c a tio n  w hich i s  b e s t  d e sc r ib e d  
as th e  le a rn in g  c y c le .^  T hat c y c le  c o n s is t s  o f th r e e  e s s e n t i a l  p a r t s .  
F i r s t  th e  le a r n e r  i s  g iven  a l l  ty p e s  o f e x p e r ie n c e  w ith  o b je c ts ,  ev en ts  
an d /o r  s i t u a t io n s  w hich w i l l  p ro v id e  him th e  background n e c e ssa ry  to  
a llo w  him to  u n d e rs ta n d  a p a r t i c u l a r  c o n c e p t. T hat p ro ced u re  i s  
i d e n t i f i e d  as e x p lo r a t io n . The name o f  th e  co n cep t i s  th e n  p ro v id ed  to  
th e  le a r n e r  by th e  te a c h e r  o r  th e  s tu d e n t  h im se lf  i d e n t i f i e s  i t .  In  
th e  m a jo r i ty  o f case s  th e  te a c h e r  w i l l  p ro v id e  th e  i d e n t i f i c a t i o n  o f 
th e  c o n c e p t. T h is  l a t t e r  p ro ced u re  i s  c a l le d  c o n c e p tu a l in v e n t io n .
A f te r  th e  concep t has been  in v e n te d  f o r  th e  l e a r n e r  th e  te a c h e r  p ro v id es  
a d d i t io n a l  a c t i v i t i e s  w hich w i l l  a llow  th e  s tu d e n t  to  d is c o v e r  th e  
b road  a p p l i c a b i l i t y  and u s e fu ln e s s  o f th e  n ew ly -in v e n te d  c o n c e p t.
T hat phase  o f th e  le a rn in g  c y c le  i s  known as d is c o v e ry . E x p lo ra t io n ,
^For a more com plete d is c u s s io n  of th e  le a rn in g  c y c le ,  see  John W. 
R enner, Don G. S ta f fo rd  and W illiam  3 . Ragan, T each ing  S cience  in  th e  
E lem en tary  S choo l, (New York: H arper and Row, 1973), pp. 105-114.
in v e n tio n  and d isc o v e ry  c o n s t i t u t e  th e  le a rn in g  c y c le . F ig u re  1 -1  
p re s e n ts  a g rap h ic  d e s c r ip t io n  o f th e  le a rn in g  c y c le . A c lo s e  
exam ination  of th e  le a rn in g  c y c le  r e v e a ls  t h a t  i t  i s  synonymous w ith  
in q u iry .  That ex am ination  a ls o  d em o n stra te s  th a t  in q u iry  and d isc o v e ry  
a re  n o t  d i f f e r e n t  la b e ls  fo r  th e  same p ro c e ss  a s  i s  f r e q u e n t ly  
dem onstra ted  in  th e  p re s s  and much p r o f e s s io n a l  l i t e r a t u r e .  The r i s e  
o f in q u iry  may b e  th o u g h t o f as c o n c re te  i n s t r u c t io n  and i t  in c lu d e s  
th e  u se  o f la b o ra to ry  a p p a ra tu s ,  s o c ia l  i n t e r a c t io n  and la b o ra to ry  
e x p e r ie n c e .
In  c o n t r a s t  to  c o n c re te  i n s t r u c t i o n  i s  th e  t r a d i t i o n a l  d i d a c t i c ,  
e x p o s ito ry  p ro cess  o f in s t r u c t io n  u t i l i z e d  e x te n s iv e ly  whereby f a c t s ,  
id e a s  and concep ts a re  p re s e n te d ,  e x p la in e d  o r  expounded to  th e  le a r n e r  
by th e  te a c h e r  w ith  th e  pu rpose  o f  le a d in g  th e  s tu d e n t th ro u g h  p o s tu la to r y  
d e d u c tiv e  rea so n in g  sy stem s. C oncepts a re  d e f in e d  th ro u g h  t h e i r  p o s i t io n  
in  th e  system ; i . e . ,  t h e i r  r e l a t i o n  to  o th e r  co n ce p ts . T h is  m ethod may 
be th o u g h t of as fo rm al i n s t r u c t io n  and u t i l i z e s  l e c tu r e s  g iven  by th e  
te a c h e r ,  d em o n stra tio n s  done by th e  te a c h e r  o f  c o n c e p ts , p ic tu r e s  and 
diagram s of o b je c t s ,  s i t u a t i o n s  a n d /o r  e v e n ts  and re a d in g  ass ig n m en ts  
c a r r i e d  out by th e  s tu d e n t .
C oncrete  and form al i n s t r u c t io n  r e p re s e n t  fundam en ta lly  d i f f e r i n g  
th e o ry  b ases  f o r  e d u c a tio n . R esearch  i s  n o t a v a i la b le  which t e l l s  
w hether o r  n o t a s ig n i f i c a n t  d i f f e r e n c e  in  th e  type and perm anence of 
changes in  s tu d e n t c o n ten t-ac h iev em en t and i n t e l l e c t u a l  developm ent 
r e s u l t  when c o n c re te  and fo rm al in s t r u c t io n  te ch n iq u es  a re  used  w ith  
two groups of c o n c re te  o p e r a t io n a l  s tu d e n ts  e x p e rie n c in g  th e  same c o n te n t.
F I G U R E  1 - 1
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In  a d d i t io n  d a ta  a re  n o t a v a i la b le  w hich l e t  c o n c lu s io n s  be  drawn about 
th e  im pact o f c o n c re te  and fo rm al i n s t r u c t i o n  on le a r n e r  I .Q .
S ta tem en t o f th e  Problem
The p rim ary  o b je c t iv e  o f  t h i s  s tu d y  was to  i n v e s t ig a t e  d i f f e r e n c e s  
betw een c o n c re te  in s t r u c t io n  and fo rm al i n s t r u c t io n  on c o n c re te  
o p e ra t io n a l  le a r n e r s .
S p e c i f i c a l ly ,  th e  r e l a t io n s h ip s  betw een th e  two in s t r u c t i o n  
m ethodo log ies and c o n te n t-a c h ie v e m e n t, i n t e l l e c t u a l  developm ent, le a r n e r  
I .Q . and r e te n t io n  of g a in s  made in  c o n te n t-a c h ie v e m e n t, and i n t e l l e c t u a l  
developm ent by n in th  g rade p h y s ic a l  s c ie n c e  s tu d e n ts  w ere in v e s t ig a te d .
T his s tu d y , th e n , sough t to  answ er th e  fo llo w in g  q u e s t io n s :
1 . What a re  th e  r e la t io n s h ip s  betw een c o n c re te  in s t r u c t io n  and
form al i n s t r u c t io n  m etho d o lo g ies  and th e  c o n te n t-a c h ie v e m e n t 
o f n in th  grade p h y s ic a l  s c ie n c e  s tu d e n ts ?
2 . What a re  th e  r e la t io n s h ip s  betw een c o n c re te  i n s t r u c t i o n  and 
fo rm al i n s t r u c t io n  m eth o d o lo g ies  and th e  i n t e l l e c t u a l  
developm ent o f n in th  g rade  p h y s ic a l  s c ie n c e  s tu d e n ts ?
3 . What a re  th e  r e la t io n s h ip s  betw een c o n c re te  i n s t r u c t i o n  and
form al i n s t r u c t io n  m etho d o lo g ies  and le a r n e r  I .Q . changes 
o f n in th  grade p h y s ic a l  s c ie n c e  s tu d e n ts ?
4 . What a re  th e  r e l a t io n s h ip s  betw een c o n c re te  i n s t r u c t i o n  and 
fo rm al i n s t r u c t io n  m eth o d o lo g ies  and th e  r e t e n t io n  o f  ga in s  
made in  c o n ten t-ach iev em en t o f n in th  g rade p h y s ic a l  s c ie n c e  
s tu d e n ts?
5 . What a re  th e  r e la t io n s h ip s  betw een c o n c re te  i n s t r u c t i o n  and 
form al in s t r u c t io n  m ethodo log ies and th e  r e te n t io n  o f  g a in s  
made in  i n t e l l e c t u a l  developm ent o f n in th  g rad e  p h y s ic a l  
s c ie n c e  s tu d e n ts?
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H ypotheses
The fo llo w in g  h y p o th eses  w ere t e s t e d  by s t a t i s t i c a l  a n a ly s is  o f 
th e  d a ta :
Hq N in th  g rade  s tu d e n ts  w i l l  n o t show s i g n i f i c a n t l y  g r e a te r  
c o n te n t-a c h ie v e m e n t in  p h y s ic a l  s c ie n c e  when e x p e r ie n c in g  
c o n c re te  i n s t r u c t io n  th a n  th o s e  s tu d e n ts  e x p e r ie n c in g  fo rm al 
in s t r u c t io n .
H^ N in th  g rade  p h y s ic a l  s c ie n c e  s tu d e n ts  who e x p e rie n c e  c o n c re te  
i n s t r u c t io n  w i l l  show s i g n i f i c a n t l y  g r e a te r  co n ten t-ach iev em en t 
th a n  s tu d e n ts  who e x p e rie n c e  fo rm al in s t r u c t io n .
Hq  N in th  g rade  p h y s ic a l  s c ie n c e  s tu d e n ts  e x p e r ie n c in g  c o n c re te  
i n s t r u c t io n  w i l l  n o t show s ig n i f i c a n t l y  g r e a t e r  i n t e l l e c t u a l  
developm ent g a in s  th a n  th o s e  e x p e r ie n c in g  fo rm al in s t r u c t io n .
H2  N in th  g rade p h y s ic a l  s c ie n c e  s tu d e n ts  who e x p e rie n c e  c o n c re te
in s t r u c t io n  w i l l  show s i g n i f i c a n t l y  g r e a te r  i n t e l l e c t u a l  developm ent 
g a in s  th a n  s tu d e n ts  who e x p e rie n c e  form al i n s t r u c t i o n .
Hq  N in th  g rade p h y s ic a l  s c ie n c e  s tu d e n ts  e x p e r ie n c in g  c o n c re te
in s t r u c t io n  w i l l  n o t show s i g n i f i c a n t l y  g r e a t e r  I .Q . g a in s  th a n  
th o s e  e x p e r ie n c in g  fo rm al i n s t r u c t i o n .
H3  N in th  g rade p h y s ic a l  s c ie n c e  s tu d e n ts  who e x p e r ie n c e  c o n c re te  
i n s t r u c t io n  w i l l  show s ig n i f i c a n t l y  g r e a te r  I .Q . g a in s  th an  
s tu d e n ts  who e x p e rie n c e  fo rm al i n s t r u c t io n .
Hq  The c o n ten t-ach iev em en t g a in s  made by th e  group e x p e r ie n c in g
c o n c re te  i n s t r u c t io n  w i l l  n o t be  s i g n i f i c a n t l y  more l a s t i n g  th an  
th o se  made by th e  group e x p e r ie n c in g  fo rm al in s t r u c t io n .
H^ The c o n ten t-ach iev em en t g a in s  made by th e  group e x p e r ie n c in g  
c o n c re te  i n s t r u c t io n  w i l l  be s ig n i f i c a n t l y  more l a s t i n g  th a n  
th o se  made by th e  group e x p e r ie n c in g  form al i n s t r u c t io n .
Hq The i n t e l l e c t u a l  developm ent g a in s  made by th e  group e x p e rie n c in g  
c o n c re te  i n s t r u c t io n  w i l l  n o t be s i g n i f i c a n t l y  more l a s t i n g  th an  
th o se  made by th e  group e x p e r ie n c in g  fo rm al i n s t r u c t i o n .
H5  The i n t e l l e c t u a l  developm ent g a in s  made by th e  group e x p e rie n c in g  
c o n c re te  i n s t r u c t io n  w i l l  be s i g n i f i c a n t l y  more l a s t i n g  th a n  
th o se  made by th e  group e x p e r ie n c in g  fo rm al i n s t r u c t io n .
CHAPTER I I  
REVIEW OF THE LITERATURE
T h is  s tu d y  was d e s ig n ed  to  in v e s t ig a t e  th e  r e l a t io n s h ip s  among c o n c re te  
i n s t r u c t i o n ,  fo rm al i n s t r u c t i o n ,  c o n te n t-a c h ie v e m e n t, i n t e l l e c t u a l  d ev e lo p ­
ment and le a r n e r  I .Q . f o r  n in th  g rade p h y s ic a l  s c ie n c e  s tu d e n ts .  A lthough 
no s tu d y  has been conducted  w hich a d d re s se s  i t s e l f  to  th e s e  p r e c is e  
v a r ia b le s  s e v e ra l  r e l a t e d  s tu d ie s  have been  conducted  which le d  to  an 
a c u te  need f o r  t h i s  i n v e s t ig a t io n .
Lawson^ in v e s t ig a te d  th e  u n d e rs ta n d in g  o f  c o n c re te  and fo rm al o p e r a t io n a l  
co n cep ts  by c o n c re te  and fo rm al o p e r a t io n a l  s tu d e n ts  in  secondary  sch o o l 
s c ie n c e  c la s s e s .  H is s tu d y  d e te rm in ed  t h a t  fo rm al o p e r a t io n a l  s tu d e n ts  
a re  a b le  to  develop  an u n d e rs ta n d in g  o f  b o th  fo rm al o p e r a t io n a l  and 
c o n c re te  o p e ra t io n a l  co n cep ts  w h ile  c o n c re te  o p e r a t io n a l  s tu d e n ts  a re  
a b le  to  develop  an u n d e rs ta n d in g  o f c o n c re te  o p e r a t io n a l  concep ts  o n ly .
He concluded th a t  c o n c re te  o p e r a t io n a l  co n cep ts  o n ly  sh o u ld  be  a ttem p ted  
to  be ta u g h t to  c o n c re te  o p e r a t io n a l  s tu d e n ts  w ith  th e  recom m endation
^Anton E r ic  Lawson, " R e la t io n s h ip s  Between C oncrete  and Formal 
O p e ra tio n a l S c ience  S u b je c t M a tte r  and th e  I n t e l l e c t u a l  L eve l o f th e  
L ea rn e r"  (u n p u b lish ed  D o c to ra l d i s s e r t a t i o n .  U n iv e rs ity  o f Oklahoma, 1973)
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th a t  r e s e a rc h  i s  needed to  d e te rm in e  th e  e f f e c t  o f te a c h in g  m ethodology 
on th e  amount o f  u n d e rs ta n d in g  c o n c re te  o p e ra t io n a l  s tu d e n ts  a c q u ire  
when e x p e rie n c in g  d i f f e r i n g  te a c h in g  p ro ced u res  and sequencing  of 
m a te r ia l s .
Renner and Paske^ have conducted  an in v e s t ig a t io n  to  d e te rm in e  th e  
e f f e c t  o f te a c h in g  m ethodology on th e  amount o f le a rn in g  t h a t  ta k e s  p la c e  
in  an in t ro d u c to ry  p h y s ic s  c o u rse  d e s ig n ed  f o r  n o n -sc ie n c e  m ajo rs  a t  th e  
U n iv e rs ity  o f Oklahoma. T his in v e s t ig a t io n  u t i l i z e d  fo rm al i n s t r u c t i o n a l  
and c o n c re te  i n s t r u c t i o n a l  te c h n iq u e s .  T h e ir  s tu d y  re v e a le d  th a t  a 
s ig n i f i c a n t  d i f f e r e n c e  e x i s t s  betw een th e  amount o f  c o n te n t le a rn e d  in  
a  form al i n s t r u c t i o n a l  e x p e rie n c e  and a  c o n c re te  i n s t r u c t i o n a l  e x p e r ie n c e  
in  fav o r o f th e  c o n c re te  te a c h in g  m ethod. S ev e ra l P ia g e t ia n  s ty le d  ta s k s  
w ere a d m in is te re d  to  d e te rm in e  th e  e f f e c t  of te a c h in g  method on i n t e l l e c t u a l  
developm ent w ith  th e  r e s u l t s  e i t h e r  showing no d i f f e r e n c e  o r  s l i g h t l y  
fa v o r in g  th e  c o n c re te  group. I n  a d d i t io n ,  an a t t i t u d e  q u e s t io n n a ir e  was 
a d m in is te re d  to  d e te rm in e  th e  s tu d e n t s ' f e e l in g  about th e  te a c h in g  method 
em ployed. The m a jo r i ty  o f  s tu d e n ts  in  th e  c o n c re te  i n s t r u c t i o n a l  group 
in d ic a te d  th ey  l ik e d  th e  co u rse  w h ile  none in  th e  form al i n s t r u c t io n a l  
group l ik e d  th e  m ethod, in  f a c t  sev en ty  p e rc e n t in d ic a te d  they  d id  n o t 
l i k e  th e  form al te a c h in g  m ethod. R e su lts  o f  P ia g e t p re -  and p o s t t e s t s  
in d ic a te d  th a t  s tu d e n ts  who i n i t i a l l y  a r e  form al o p e ra t io n a l  w i l l  show an 
in c re a s e  in  i n t e l l e c t u a l  developm ent when e x p e r ie n c in g  fo rm al te a c h in g . 
However, s tu d e n ts  who a re  i n i t i a l l y  c o n c re te  o p e ra t io n a l  show m arkedly
^John W. Renner and W illiam  G. P ask e , "Comparing Two Forms of 
I n s t r u c t io n  in  C o lleg e  P h y s ic s"  American J o u rn a l o f P h y s ic s , V ol. 45, 
No. 9, Septem ber 1977, pp. 851-859
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l e s s  i n t e l l e c t u a l  developm ent w ith  form al te a c h in g  th a n  w ith  c o n c re te  
te a c h in g .
Sheehan^ conducted an in v e s t ig a t io n  d es ig n ed  to  d e te rm in e  th e  e f f e c t  
o f fo rm al and c o n c re te  in s t r u c t io n  on fo rm al and c o n c re te  o p e ra t io n a l  
s tu d e n ts .  H is s tu d y  was d es ig n ed  to  te ach  th r e e  c o n c e p ts : E q u ilib r iu m
in  th e  b a la n c e  b a r ,  a n g le s  o f in c id e n c e  and r e f l e c t i o n  and o s c i l l a t i o n  
o f th e  pendulum to  two groups o f s tu d e n ts  o f ap p ro x im ate ly  th e  same s iz e  
who had been i d e n t i f i e d  as c o n c re te  o p e ra t io n a l  and fo rm al o p e r a t io n a l .  
Each concep t was p re s e n te d  to  th e  s tu d e n t ,  one each day fo r  th r e e  
c o n se c u tiv e  d ay s . A ccording to  Sheehan th e  s tu d y  concluded  th a t  fo rm al 
s tu d e n ts  showed g r e a te r  achievem ent chan c o n c re te  s tu d e n ts  r e g a rd le s s  of 
th e  i n s t r u c t io n a l  mode and th a t  c o n c re te  in s t r u c t io n  was more e f f e c t iv e  
w ith  e i t h e r  c o n c re te  o r  fo rm al o p e ra t io n a l  s tu d e n ts .  The achievem ent was 
more d u ra b le  f o r  th e  fo rm al o p e ra t io n a l  s tu d e n ts  th an  f o r  th e  c o n c re te  
o p e ra t io n a l  s tu d e n ts  w ith  e i t h e r  c o n c re te  o r  fo rm al in s t r u c t io n .
The r e s u l t s  o f S h eeh an 's  s tu d y  can be m is le a d in g , how ever. Two of 
th e  co n cep ts  he a ttem p ted  to  te a c h  a re  form al co n c e p ts : i . e . ,  e q u i lib r iu m  
in  th e  b a lan ce  b a r  i f  ex ten d ed  to  any r a t i o  o f d is ta n c e  tim es w eig h t 
more complex th a n  1 : 2  ^ and o s c i l l a t i o n  o f th e  pendulum which u t i l i z e d  th e
^Donald J .  Sheehan, "The E ffe c tiv e n e s s  o f C oncre te  and Formal 
I n s t r u c t i o n a l  P rocedu res  w ith  C o n cre te - and F o rm al-O p era tio n a l S tu d en ts"  
(u n p u b lish e d  D o cto ra l D is s e r ta t i o n ,  S ta te  U n iv e rs ity  o f New York a t  
A lbany, 1970).
^ In h e ld e r  and P ia g e t ,  pp. 164-181.
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r a t i o  le n g th  i s  p ro p o r tio n a l  to  p e r io d .^  The r e s u l t s  o f Lawson’s s tu d y  
in d i c a te  c o n c re te  o p e ra t io n a l  s tu d e n ts  a r e  s e v e re ly  l im i te d  in  t h e i r  
a b i l i t y  to  comprehend th e s e  fo rm al c o n c e p ts . T h is  may be o f f e r e d  as 
an argum ent to  e x p la in  why th e  c o n c re te  o p e r a t io n a l  s tu d e n ts  d id  n o t  
s c o re  h ig h e r  w ith  co n c re te  i n s t r u c t io n .
In  a d d i t io n  th e  age group u t i l i z e d  in  th e  s tu d y  was 12 y e a rs  6  months 
to  13 y e a rs  5 months (ap p ro x im ate ly  th e  e ig h th  g r a d e ) .  Of th e  189 s tu d e n ts ,  
91 (48%) w ere i d e n t i f i e d  as c o n c re te  o p e r a t io n a l ,  81 (43%) as fo rm al 
o p e r a t io n a l  and 17 n o n - c la s s i f i a b le .  E xclud ing  th e  n o n - c la s s i f i a b l e  
s tu d e n ts  th e  co n c re te  o p e ra t io n a l  s tu d e n ts  c o n s is te d  o f 53% and th e  fo rm al 
o p e r a t io n a l  s tu d e n ts  47% o f th e  sam ple. A ccord ing  to  a s tu d y  o f  th e  
i n t e l l e c t u a l  developm ent le v e l  o f s tu d e n ts  in  Oklahoma^ no more th a n  23% 
of s tu d e n ts  in  th e  e ig h th  g rad e  have begun fo rm al o p e ra t io n a l  th in k in g  
w ith  le s s  th a n  2% com plete ly  fo rm al o p e r a t io n a l .  These d a ta  in d ic a te  
t h a t  e i t h e r  th e  p o p u la tio n  u t i l i z e d  by Sheehan i s  m arkedly d i f f e r e n t  
th a n  th e  p o p u la tio n  o f Oklahoma s tu d e n ts  o r  t h a t  th e  c r i t e r e a  used  to  
d e te rm in e  th e  o p e ra t io n a l  l e v e l  o f th e  s u b je c t s  i s  in  e r r o r .  The 
h y p o th e s is  may be advanced t h a t  th e  p o p u la tio n  o f  New York i s  n o t 
u n l ik e  th e  p o p u la tio n  o f Oklahoma in  te rm s o f th e  i n t e l l e c t u a l  developm ent 
o f t h i s  age group . I f  so , t h i s  would in d i c a te  t h a t  th e  sam ple u t i l i z e d
^ I b i d . ,  pp. 67-79
^John W. Renner, Don G. S ta f fo rd  and W illiam  B. Ragan, Teaching 
S c ie n ce  in  th e  E lem entary S c h o o l, (New Y ork: H arper and Row, 1973) ,
pp . 341-349.
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in  t h i s  s tu d y  c o n s is te d  o f p r im a r i ly  c o n c re te  o p e r a t io n a l  s tu d e n t s ,  w ith  
th e  rem ain d er on ly  b eg in n in g  fo rm al o p e r a t io n a l  th in k in g .  In  a d d i t io n  
th e  p o s s i b i l i t y  e x i s t s  th a t  th e  r e s u l t s  o f  t h i s  s tu d y  w ere s e v e re ly  
l im i te d  due to  th e  sm a ll amount o f  tim e (3 days) d ev o ted  to  a c tu a l  
i n s t r u c t i o n  o f th e  co n cep ts  to  b e  le a rn e d .
Grabber® conducted  a  s tu d y  o f  p a r a l l e l  d e s ig n  th a t  u t i l i z e d  540 
sophomore s tu d e n ts  in  two c lassroom s from each  o f  fo u r  d i f f e r e n t  h ig h  
sc h o o ls  to  compare d e d u c t iv e -e x p o s i to ry  and in d u c t iv e -d is c o v e ry  te a c h in g  
m etho d o lo g ies  in  th e  a c q u i s i t i o n  and r e t e n t io n  o f  s c ie n c e  c o n c e p ts , 
p r in c i p le s  and p ro c e s s e s .  The e x p e rim e n ta l i n s t r u c t i o n  was conducted  
d u rin g  an e ig h t  week p e r io d . The r e s u l t s  o f t h i s  experim en t showed no 
s i g n i f i c a n t  d i f f e r e n c e s  in  i n i t i a l  le a rn in g  o f s c i e n t i f i c  id e a s  and 
p ro c e s s  s k i l l s .  The d e d u c t iv e -e x p o s i to ry  te c h n iq u e  was found to  b e  
s i g n i f i c a n t l y  g r e a te r  in  term s o f  r e te n t io n .
®Arthur Henry G rabber "An I n v e s t ig a t io n  o f  th e  C om parative 
E f fe c t iv e n e s s  o f D ed u c tiv e -E x p o s ito ry  and In d c tiv e -D is c o v e ry  T each ing  
S t r a t e g ie s  in  th e  A c q u is it io n  and R e te n tio n  o f  S c ien ce  C oncep ts, 
P r in c ip le s  and P ro c e sse s"  (u n p u b lish e d  D o c to ra l d i s s e r t a t i o n ,  U n iv e rs i ty  
of C o n n e c tic u t, 1974).
CHAPTER I I I
EXPERIMENTAL DESIŒ, DEFINITIONS AND EVALUATION OF THE SAMPLE
EXPERIMENTAL DESIGN
S e le c t io n  o f  S u b je c ts
S u b je c ts  f o r  t h i s  s tu d y  w ere s e le c te d  from th e  p o p u la t io n  o f 
ap p ro x im ate ly  one hundred  f i f t y  n in th  g rade  s tu d e n ts  from N oble J u n io r  
High S choo l, N oble, Oklahoma. F o r ty - e ig h t  s tu d e n ts  were randomly a ss ig n ed  
to  one of two p h y s ic a l  s c ie n c e  c la s s e s  acc o rd in g  to  c la s s  s c h e d u lin g  
p o s s i b i l i t i e s  so as to  make th e  two c la s s e s  as homogeneous as p o s s ib le .
Each o f th e  s tu d e n ts  had been i d e n t i f i e d  by th e  c o u n se lo r  o f th e  sch o o l 
to  be  an average  s tu d e n t b ased  on h i s  g rad e  th e  p re v io u s  y e a r  in  m athem atics, 
(See item  two under 'L im ita t io n s  o f th e  S tu d y '.)  T w en ty -th ree  s tu d e n ts  
w ere a s s ig n e d  to  th e  c o n c re te  i n s t r u c t io n  c la s s  and tw e n ty - f iv e  to  Che 
fo rm al in s t r u c t io n  c l a s s .
P ro ced u res
Two n in th  g rade p h y s ic a l  s c ie n c e  c la s s e s  w ere u t i l i z e d  fo r  t h i s  s tudy  
f o r  a  p e r io d  o f s ix te e n  w eeks. One c la s s  was conducted  u s in g  th e  c o n c re te  
i n s t r u c t io n  m ethodology and th e  o th e r  c l a s s  was conducted  u s in g  th e  fo rm al 
i n s t r u c t io n  m ethodology. The in v e s t i g a t o r  i n s t r u c te d  b o th  c la s s e s  to  
m inim ize th e  i n s t r u c t o r  v a r ia b le .  The to p ic s  covered  w ere: (1) S t a t i c
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E l e c t r i c i t y ;  (2) C u rren t E l e c t r i c i t y ;  (3) L ig h t and O p tic s ;  (4) Sound; 
(5) M agnetism; and ( 6 ) E lec tro m ag n e tism . The s tu d e n ts  in  each  c la s s  were 
ex p ec ted  to  le a rn  th e  same c o n te n t .  The s tu d e n ts  were e v a lu a te d  on th e  
co n ten t-ach iev em en t by t h e i r  perfo rm ance on w r i t t e n  ex am inations  g iv en  a t  
th e  co n c lu sio n  o f each o f th e  to p ic  a r e a s .  The e v a lu a tio n  o f  th e  perm anence 
of g a in s  made in  co’ te n t-a c h ie v e m e n t was d e te rm in ed  by th e  s tu d e n t s ’ 
perform ance on th e  same w r i t t e n  ex am in a tio n s  g iv e n  ap p ro x im ate ly  th r e e  
months fo llo w in g  th e  co n c lu s io n  o f th e  to p ic  u n i t .  The s tu d e n ts  were 
e v a lu a te d  as to  t h e i r  i n t e l l e c t u a l  developm ent and I .Q . l e v e l  by a 
s t a t i s t i c a l  a n a ly s is  o f t h e i r  perform ance on p r e t e s t s  g iv en  a t  th e  
b eg in n in g  o f th e  f i r s t  sem este r and p o s t t e s t s  g iv en  a t  th e  end o f th e  
f i r s t  sem este r. The e v a lu a tio n  o f th e  perm anence o f ga in s made in  
i n t e l l e c t u a l  developm ent was determ ined  by s t a t i s t i c a l  a n a ly s is  o f a 
p o s t - p o s t t e s t  g iven  ap p ro x im ate ly  th r e e  months fo llo w in g  th e  co n c lu s io n  
o f th e  ex p e rim e n ta l i n s t r u c t io n .
Chronology o f th e  Study
T his experim en t was conducted  over a p e r io d  o f seven  months from 
A ugust 30, 1976 to  March 30, 1977. The e x p e rim e n ta l i n s t r u c t io n  was 
done d u rin g  th e  s ix te e n  weeks between A ugust 30 , 1976 and December 17,
1976. Both th e  c o n c re te  i n s t r u c t io n  group and th e  form al i n s t r u c t io n  
group s tu d ie d  th e  same c o n te n t u n i t  d u rin g  th e  same tim e i n t e r v a l .
W ith in  th o se  tim e i n t e r / a l s  th e  two groups s tu d ie d  th e  s c ie n c e  concep ts  
a t  p a r a l l e l  r a te s  and o rd e r  o f  p r e s e n ta t io n .  C la sses  met Monday 
th rough  F rid ay  w ith  th e  e x c e p tio n  of November 26 and 27, 1977
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(T hanksg iv ing  b r e a k ) . The c o n c re te  i n s t r u c t io n  group met d u rin g  th e  
second c la s s  p e r io d  o f th e  day (9 :5 0  a.m . to  10:45 a .m .)  f o r  f i f t y  
f iv e  m inutes and th e  fo rm al in s t r u c t io n  group met d u r in g  th e  s ix th  
and l a s t  c la s s  p e r io d  o f  th e  day (2 :2 0  p.m . to  3 :20  p .m .) fo r  
s ix ty  m inu tes . The s tu d e n ts  fo llo w ed  th e  same c la s s  s c h e d u le  every  
day.
The a d m in is tra t io n  o f  th e  P ia g e t ia n  ta s k s  f o r  m easurem ent o f 
i n t e l l e c t u a l  developm ent was done by in d iv id u a l ly  in te rv ie w in g  each 
s tu d e n t .  A s tu d e n t to  be in te rv ie w e d  was c a l le d  from h i s  c la s s  and 
ty p i c a l l y  took  f i f t e e n  m inutes to  com plete th e  ta s k s .  The P ia g e t ia n  
p r e t e s t  was a d m in is te re d  d u rin g  th e  days o f Septem ber 6 -1 0 , 1976, 
th e  p o s t t e s t  d u rin g  th e  days of December 15 -17 , 1976 and Jan u ary  3 -5 , 
1977 and th e  p o s t - p o s t t e s t  d u rin g  th e  days of March 2 8 -30 , 1977.
The I .Q . t e s t s  were a d m in is te re d  by th e  i n s t r u c t o r  to  each 
c la s s  d u rin g  th e  r e g u la r ly  sch ed u led  c la s s  p e r io d . The in s t r u c t o r  
fo llow ed  th e  d i r e c t io n s  and tim e sc h e d u le s  as p re s e n te d  in  th e  
Exam iners Manual fo r  th e  S h o rt Form T e s t  o f Academic A p ti tu d e ,^
L eve l 5. The I .Q . p r e t e s t  was a d m in is te re d  on Septem ber 1 , 1976 
and th e  p o s t t e s t  was a d m in is te re d  on December 16, 1976.
The c o n te n t exam inations  were a d m in is te re d  d u rin g  th e  r e g u la r ly  
schedu led  c la s s  p e r io d  fo r  each group a t  th e  c o n c lu s io n  of each 
c o n te n t u n i t .  Both groups re c e iv e d  th e  c o n te n t ex am in a tio n s  on th e
^ E liz a b e th  T. S u l l iv a n ,  W il l i s  W. C la rk  and E rn e s t  W. T e ig s , S h o rt 
Form T est o f  Academic A p ti tu d e , L evel 5 (M onterey, C a l i f o r n ia :  CTB/
M cGraw-Hill, 1970).
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sane d ay . A s tu d e n t who was a b se n t on th e  day o f an ex am in a tio n  was 
allow ed  to  make up th e  exam ination  f o r  th e  pu rp o se  o f g iv in g  him a 
grade in  th e  c o u rse , b u t h is  sc o re  on th e  make up ex am in a tio n  d id  n o t 
become a p a r t  of t h i s  s tu d y . The s tu d e n ts  re c e iv e d  th e  m u l t ip le  
cho ice  exam ination  f i r s t .  They th e n  tu rn e d  in  t h e i r  com pleted  
m u l t ip le  ch o ice  exam in a tio n  to  th e  i n s t r u c t o r  and r e c ie v e d  th e  f r e e  
re sp o n se  ex am in a tio n . The s tu d e n ts  w ere n o t a llow ed  to  s e e  b o th  
ex am in a tio n s  a t  th e  same tim e , n o r to  r e f e r  back  to  th e  m u l t ip le  cho ice  
ex am in a tio n  w h ile  w r i t in g  th e  f r e e  re sp o n se  e x a m in a tio n .
The c o n te n t p o s t-e x a m in a tio n s  w ere g iv en  to  s tu d e n ts  ap p ro x im ate ly  
th re e  months fo llo w in g  th e  c o n c lu s io n  of each to p ic  u n i t  in  a manner 
s im i la r  to  th e  a d m in is tr a t io n  of th e  c o n te n t e x a m in a tio n s . The 
c o n te n t p o s t-e x a m in a tio n s  were g iven  unannounced.
A f te r  re c e iv in g  the  f i r s t  two to p ic  u n i t  c o n te n t p o s t-e x a m in a tio n s  
( S t a t i c  E l e c t r i c i t y  and C urren t E l e c t r i c i t y )  s e v e r a l  s tudenç.s in  the  
fo rm al in s t r u c t io n  group v e rb a l ly  e x p e rsse d  t h e i r  d i s l i k e  of b e in g  
asked to  w r i te  th e  p o s t-e x a m in a tio n s . Ifhen asked  to  w r i t e  th e  th i r d  
p o s t-e x a m in a tio n  (L ig h t & O p tic s) ap p ro x im ate ly  o n e - th i r d  o f th e  s tu d e n ts  
i n  th e  fo rm al i n s t r u c t io n  group w ro te  u n s o l i c i t e d  comments on t h e i r  
p ap e rs  e x p re s s in g  t h e i r  extrem e d i s l i k e  o f  b e in g  asked  to  w r i te  the  
p o s t-e x a m in a tio n s . One g i r l  s t a t e d  on h e r  p ap e r th a t  sh e  re fu s e d  to  
w r i te  any f u r th e r  p o s t-e x a m in a tio n s . At t h i s  p o in t th e  i n v e s t ig a to r  
met w ith  t h i s  group of h o s t i l e  s tu d e n ts  from th e  fo rm al in s t r u c t io n  
group and asked them to  w r i te  on ly  one more p o s t-e x a m in a tio n  (Sound) 
on th e  c o n d itio n  th a t  th e  l a s t  two u n i t  c o n te n t p o s t-e x a m in a tio n s
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(M agnetism  and E lec trom agnetism ) would be o m itte d . The s tu d e n ts  
a g re e d  and a f t e r  w r i t in g  th e  p o s t-e x a m in a tio n  f o r  Sound th e  s tu d y  was 
te rm in a te d .
In s tru m e n ts
The w r i t t e n  ex am in a tio n s  to  be u sed  f o r  e v a lu a t io n  o f  c o n te n t-  
ach ievem ent were developed  by th e  in v e s t i g a t o r .  Two ty p e s  of 
in s tru m e n ts  were u t i l i z e d  f o r  m easurem ent o f c o n te n t-a c h ie v e m e n t f o r  
each  to p ic  a re a .  One c o n s is te d  o f m u l t ip le  ch o ice  item s in  com bination  
w ith  a  w r i t t e n  re sp o n se  by th e  s tu d e n t as to  th e  re a so n in g  beh in d  h is  
c h o ic e . The second ty p e  o f c o n te n t e v a lu a t io n  in s tru m e n t c o n s is te d  
e n t i r e l y  of f r e e  re sp o n se  ite m s . The in s tru m e n ts  were d es ig n ed  to  
t e s t  fo r  a p p l ic a t io n s  of th e  s c i e n t i f i c  co n cep ts  th e  s tu d e n ts  were 
e x p e c te d  to  l e a m .  These c o n te n t ex am in a tio n s  a re  p re s e n te d  in  
A ppendix A.
The c o n te n t ex am in a tio n s  w ere ju d g ed  to  be v a l id  by th e  in v e s t ig a to r  
and th a t  fa c e  v a l i d i t y  was su p p o rte d  by Dr. John  W. R enner. The 
r e l i a b i l i t y  e s t im a te s  o f each c o n te n t ex am in a tio n  were c a lc u la te d  u s in g  
th e  Spearman-Brown s p l i t  h a l f  m ethod. Raw d a ta  r e l a t i n g  to  th e  r e l i a b i l i t y  
e s t im a te s  a re  p re s e n te d  in  T ab les  E-1 and E-2. The r e l i a b i l i t y  was 
o b ta in e d  by d iv id in g  each c o n te n t ex am in a tio n  in to  odd and even ite m s .
The sc o re s  on th e  two h a lv e s  w ere th e n  c o r r e l a te d  to  p ro v id e  a r e l i a b i l i t y  
c o e f f i c i e n t  f o r  a  h a l f  t e s t .  The r e l i a b i l i t y  c o e f f i c i e n t  e s tam a te  fo r  
th e  e n t i r e  ex am ination  was th e n  c a lc u la te d  u s in g  th e  Spearman-Brown
■p L/-
fo rm u la : % — _== hh
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w here i s  th e  r e l i a b i l i t y  o f th e  h a l f  t e s t  and i s  th e  r e l i a b i l i t y  
e s t im a te  o f th e  w hole t e s t .
The r e l i a b i l i t y  e s t im a te s  o f  each  c o n te n t ex am in a tio n  a re  p re s e n te d  
in  T ab le  ff-3 . They a r e :  S t a t i c  E l e c t r i c i t y ;  m u l t ip le  ch o ice  0 .0 7 3 , 
f r e e  re sp o n se  0 .5 8 4 , C u rren t E l e c t r i c i t y ;  m u l t ip le  ch o ice  0 .5 9 3 , f r e e  
re sp o n se  0 .6 7 8 , L ig h t and O p tic s ;  m u l t ip le  ch o ice  0 .6 0 3 , f r e e  re sp o n se
0 .2 4 6 , Sound; m u lt ip le  ch o ice  0 .2 3 6 , f r e e  re sp o n se  0 .8 1 1 , M agnetism ; 
m u l t ip le  cho ice  0 .4 7 1 , f r e e  re sp o n se  0 .6 3 2 , E lec tro m ag n e tism ; m u l t ip le  
ch o ice  0 .3 0 2 , f r e e  re sp o n se  0 .3 4 0 . The c o n te n t  ex am in a tio n  s c o re s  
o b ta in e d  f o r  th e  e n d - o f - u n i t  t e s t s  w ere u sed  b ased  on th e  assum ptions 
th a t  b ecau se  th e  c o n te n t m a te r ia l  was r e c e n t ly  s tu d ie d  and due to  th e  
p s y c o lo g ic a l p re s s u re  of b e in g  g ra d e d , th e  s tu d e n ts  would e x h ib i t  t h e i r  
b e s t  p erfo rm ance . S ince a low r e l i a b i l i t y  red u ces  th e  lik e ly h o o d  o f 
f in d in g  group d i f f e r e n c e s ,  any o b se rv ed  d i f f e r e n c e s  would b e  i n t e n s i f i e d  
w ith  more r e l i a b l e  m easu res.
The e v a lu a tio n  o f i n t e l l e c t u a l  developm ent l e v e l  f o r  p r e t e s t ,  
p o s t t e s t  and p o s t - p o s t t e s t  was made by a  s t a t i s t i c a l  a n a ly s i s  o f  th e  
perfo rm ance by th e  s tu d e n t  u s in g  fo u r  P ia g e t ia n  ta s k s .  The ta s k s  
used  f o r  th i s  s tudy  w ere: ( 1 ) c o n s e rv a t io n  o f  volume ; ( 2 ) s e p a ra t io n
of v a r i a b le s ;  (3) e q u i l ib r iu m  in  th e  b a la n c e ;  and (4) c o lo r l e s s  l i q u id s .  
The a d m in is tr a t io n  of th e  ta s k s  was conducted  by s tu d e n ts  from th e
l^ B a rb e l In h e ld e r  and Jean  P ia g e t ,  The Growth of L o g ic a l T h in k in g , 
(New Y ork: B asic  Books, I n c . ,  1 9 5 8 ), pp. 164-181, 4 4 -6 6 , 107-122.
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U n iv e rs ity  o f  Oklahoma S c ien ce  E d u ca tio n  C en te r who had c o n s id e ra b le  
e x p e rie n c e  w ith  th e  t a s k s .
The d e te rm in a tio n  o f I .Q . f o r  p r e t e s t ,  and p o s t t e s t  was made u sin g  
th e  S h o rt Form T e s t o f Academic A p ti tu d e , L e v e l  5 .
S t a t i s t i c a l  c o n s id e ra t io n s
H ypo thesis one was t e s t e d  fo r  a  d i f f e r e n c e  betw een th e  means o f  th e  
le v e l  o f  co n ten t-ach iev em en t e x h ib i te d  by th e  group e x p e r ie n c in g  
c o n c re te  i n s t r u c t io n  and th e  group e x p e r ie n c in g  fo rm al i n s t r u c t i o n  
acc o rd in g  to  th e  s tu d e n t s ' perfo rm ance on c o n te n t ex am in a tio n s  
a d m in is te re d  a t  th e  c o n c lu s io n  o f  each  te a c h in g  u n i t .  S im i la r ly  
h y p o th e s is  fou r was te s t e d  fo r  a d if f e r e n c e  betw een th e  means fo r  th e  
permanence o f  c o n ten t-ach iev em en t by a  r e a d m in is t r a t io n  o f  th e  c o n te n t 
exam in a tio n s  a t  a th r e e  month i n t e r v a l  fo llo w in g  t h e i r  p r e s e n ta t io n  in  
th e  c lassroom . The S tu d e n t 's  t - R a t io  t e s t  was employed to  d e te rm in e  
s ig n if ic a n c e  betw een two means f o r  d a ta  r e l a t i n g  to  th e s e  two h y p o th eses . 
Upon f in d in g  a s ig n i f i c a n t  d i f f e r e n c e  in  th e  means o f th e  two groups 
an a n a ly s is  of c o v a ria n c e  was perform ed betw een th e  perfo rm ance on 
c o n te n t exam inations and i n t e l l e c t u a l  developm ent l e v e l  and betw een 
th e  perform ance on c o n te n t ex am in a tio n s  and I .Q . le v e l  to  d e te rm in e  
w hether i n t e l l e c t u a l  developm ent a n d /o r  I .Q . l e v e l  was r e s p o n s ib le  fo r  
th e  observed  d if f e r e n c e  in  c o n te n t-a c h ie v e m e n t. T his te c h n iq u e  removes
^^For a  d e ta i le d  d is c u s s io n  o f p ro to c o l  f o r  th e  P ia g e t ia n  ta sk s  see  
John W. Renner, E v a lu a tin g  I n t e l l e c t u a l  Development u s in g  W rit te n  Responses 
to  S e le c te d  S c ience  P rob lem s, U n iv e rs i ty  o f  Oklahoma, 1976, Appendix A, 
pp. 139-151.
l^ E l iz a b e th  T. S u l l iv a n ,  I b id .
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th e  in f lu e n c e  o f th e  concom itan t v a r ia b le  and a n a ly zes  th e  d i f f e r e n c e s  
in  c o n ten t-ach iev em en t betw een th e  two groups a f t e r  ta k in g  in to  account 
th e  i n i t i a l  d i f f e r e n c e s  o f th e  c o v a r ia te ;  i . e . ,  i n t e l l e c t u a l  developm ent 
a n d /o r  I .Q . Thus th e  c o r r e l a t i o n  betw een th e  m easures o f c o n te n t-  
achievem ent and i n t e l l e c t u a l  developm ent a n d /o r  I .Q . i s  s t a t i s t i c a l l y  
c o n t ro l le d .
H ypo thesis  two was te s t e d  f o r  a  d i f f e r e n c e  betw een th e  means o f 
th e  i n t e l l e c t u a l  developm ent g a in s  made by th e  s tu d e n ts  o f th e  group 
e x p e rie n c in g  c o n c re te  i n s t r u c t io n  and th e  group e x p e r ie n c in g  fo rm al 
in s t r u c t io n .  The e x p e rim e n ta l d e s ig n  u t i l i z e d  to  t e s t  t h i s  h y p o th e s is  
was one of p r e t e s t  and p o s t t e s t .  H ypo thesis  f iv e  may be th o u g h t o f as 
a c o n t in u a tio n  o f h y p o th e s is  two and was te s t e d  f o r  a d i f f e r e n c e  in  
th e  permanence o f i n t e l l e c t u a l  developm ent g a in s  made by th e  group 
e x p e rie n c in g  c o n c re te  i n s t r u c t io n  and th e  group e x p e r ie n c in g  fo rm al 
i n s t r u c t io n .  The S tu d e n t 's  t - R a t io  t e s t  was employed to  d e te rm in e  
any s ig n i f i c a n t  d i f f e r e n c e s .
H ypo thesis  th r e e  was t e s t e d  fo r  a d i f f e r e n c e  betw een th e  means 
o f I .Q . g a in s  made by th e  group e x p e rie n c in g  c o n c re te  i n s t r u c t io n  
and th e  group e x p e rie n c in g  fo rm al in s t r u c t io n .  The e x p e rim e n ta l d es ig n  
u t i l i z e d  to  t e s t  t h i s  h y p o th e s is  was one o f  p r e t e s t  and p o s t t e s t .  The 
S tu d e n t 's  t - R a t io  t e s t  was employed to  d e te rm in e  any s ig n i f i c a n t  
d i f f e r e n c e s .
In  e s ta b l i s h in g  th e  le v e l  o f s ig n if ic a n c e  to  b e  used  fo r  s t a t i s t i c a l  
a n a ly s is  a c o n s id e ra t io n  o f th e  p o s s ib le  ty p e s  o f e r r o r  m ust be made.
A Type I  e r r o r  r e s u l t s  when th e  n u l l  h y p o th e s is  i s  r e je c te d  when i t  i s
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a c tu a l ly  t r u e .  A Type I I  e r r o r  r e s u l t s  when th e  n u l l  h y p o th e s is  i s  
a c c e p te d  when i t  i s  a c tu a l ly  f a l s e .  The f iv e  h y p o th eses  w ere t e s t e d  
f o r  th e  r e l a t io n s h ip  betw een c o n c re te  and fo rm al i n s t r u c t io n  m e th o d o lo g ies  
and c o n te n t-a c h ie v e m e n t, i n t e l l e c t u a l  developm ent, l e a r n e r  I .Q . ,  
perm anence o f c o n te n t-a c h ie v e m e n t and perm anence o f i n t e l l e c t u a l  
developm ent. In  each case  th e  l e a r n e r  was ex p ec ted  to  e x h ib i t  g r e a te r  
g a in s  from c o n c re te  i n s t r u c t i o n  th a n  from fo rm al i n s t r u c t io n  and th e  
n u l l  h y p o th e s is  shou ld  be r e j e c t e d .
A Type I  e r r o r  means t h a t  no s i g n i f i c a n t  r e la t io n s h ip  e x i s t e d  
betw een th e  t e s t e d  v a r ia b le  and i n s t r u c t io n  m ethod, y e t  i t  was concluded  
th a t  th e re  was a s ig n i f i c a n t  r e l a t i o n s h ip .  Com m itting Type I  e r r o r  would 
im ply th a t  c o n c re te  o p e ra t io n a l  th in k e r s  a re  ab le  to  make s i g n i f i c a n t l y  
g r e a t e r  g a in s  from c o n c re te  i n s t r u c t i o n  th a n  from fo rm al in s t r u c t io n  fo r  
th e  v a r ia b le s  t e s t e d  when t h i s  a c tu a l ly  i s  n o t  th e  c a s e . In  te rm s o f  
e d u c a tio n a l  im p lem en ta tio n , com m itting  Type I  e r r o r  would in d i c a te  t h a t  
a change in  e d u c a t io n a l  m ethodology from fo rm al i n s t r u c t io n  to  c o n c re te  
i n s t r u c t io n  f o r  n in th  g rad e  p h y s ic a l  s c ie n c e  s tu d e n ts  shou ld  b e  made.
As in  r e a l i t y  no s ig n i f i c a n t  d i f f e r e n c e  e x i s t s  betw een fo rm al and 
c o n c re te  i n s t r u c t i o n ,  such  a change would n o t  e f f e c t  th e  q u a l i ty  o f 
e d u c a tio n  th e  s tu d e n ts  r e c e iv e ,  th e  only  d e t r im e n ta l  e f f e c t  would be 
th e  f in a n c ia l  e x p e n d itu re  n e c e s s a ry  to  i n i t i a t e  th e  change in  i n s t r u c t io n  
m ethod.
A Type I I  e r r o r  means t h a t  a s ig n i f i c a n t  r e la t io n s h ip  e x i s t s  betw een 
th e  t e s t e d  v a r ia b le  and i n s t r u c t i o n  m ethod, y e t  i t  was concluded  th a t  
th e re  i s  n o t a  s i g n i f i c a n t  r e l a t i o n s h ip .  Com m itting th i s  ty p e  e r r o r
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would b e  d e t r im e n ta l  b eca u se  i t  would im ply t h a t  c o n c re te  o p e r a t io n a l  
th in k e r s  a re  a b le  to  e x h ib i t  g a in s  as w e ll from fo rm al i n s t r u c t i o n  as 
from c o n c re te  i n s t r u c t io n  fo r  th e  v a r ia b le s  t e s t e d .  In  te rm s of 
e d u c a tio n a l  im p le m e n ta tio n , com m itting Type I I  e r r o r  would in d i c a te  
t h a t  s in c e  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  betw een i n s t r u c t i o n  method 
and th e  v a r ia b le  t e s t e d ,  no change in  in s t r u c t io n  m ethodology need  be 
im plem ented, when in  r e a l i t y  a s ig n i f i c a n t  d i f f e r e n c e  does e x i s t .
The lo s s  to  th e  q u a l i ty  o f  e d u c a tio n  i s  t h a t  th e  l e s s  e f f e c t i v e  
in s t r u c t io n  m ethod: i . e . ,  fo rm al i n s t r u c t io n ,  would be c o n tin u e d  a t
th e  expense o f  th e  s tu d e n t .  C le a r ly ,  Type I I  e r r o r  i s  th e  more s e r io u s  
in  t h i s  re s e a rc h .
Due to  th e  s e r io u s  n a tu re  o f com m itting Type I I  e r r o r  a h ig h  le v e l  
o f s ig n i f i c a n c e  sh o u ld  be employed in  e v a lu a tin g  th e  s t a t i s t i c a l  com parisons 
o f th e  r e l a t io n s h ip s  betw een c o n c re te  and fo rm al i n s t r u c t io n  and th e  
te s t e d  v a r i a b le .  The p r e c i s e  le v e l  of s ig n i f i c a n c e  to  d e te rm in e  w h e th e r to  
a cc ep t o r  r e j e c t  each n u l l  h y p o th e s is  has n o t  been  s t a t e d .  R a th e r  s e le c te d  
le v e ls  w hich w ere more s ig n i f i c a n t  than  0 .2 0  have been  r e p o r te d  so  as to  
p re s e n t  a more d e t a i l e d  d e s c r ip t io n  of th e  a n a ly s is  o f d a ta .  The 
in t e r p r e t a t i o n  o f th e  im p o rtan ce  o f th e  f in d in g s  i s  l e f t  to  th e  r e a d e r .
L im ita tio n s
The fo llo w in g  f a c to r s  govern  th e  d eg ree  to  which th e  r e s u l t s  o f 
t h i s  s tu d y  may be g e n e ra l iz e d  to  o th e r  p o p u la tio n s  o f s c ie n c e  s tu d e n t s .
1. The e v a lu a t io n  o f c o n c re te  and fo rm al i n s t r u c t io n  was b ased  on 
g a in s  made in  c o n te n t-a c h ie v e m e n t, i n t e l l e c t u a l  developm ent and le a r n e r
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I .Q . The m easuring  in s tru m e n ts  used  fo r  c o n te n t-a c h ie v e m e n t w ere 
developed  by th e  i n v e s t ig a to r  and th e  r e s u l t s  o f th e  re s e a rc h  m ust be 
viewed in  term s o f  t h e i r  r e l i a b i l i t y  and v a l i d i t y .  The m easuring  o f 
i n t e l l e c t u a l  developm ent was made u s in g  P ia g e t ia n  ta s k s  whose v a l i d i t y  
has been e s ta b l i s h e d  by Je a n  P i a g e t . E v a l u a t i o n  o f  th e  s tu d e n t s ’ 
perform ance on th e s e  ta s k s  was done by s tu d e n ts  who w ere w orking on 
th e  C o g n itiv e  A n a ly s is  P r o je c t  co n d u c ted  a t  th e  U n iv e r s i ty  o f 
Oklahoma S c ien ce  E d u ca tio n  C e n te r  under th e  d i r e c t io n  o f D r. John  W. 
R enner. These s tu d e n ts  had co n ducted  ap p ro x im ate ly  two hundered  
in te rv ie w s  each and had shown th em se lv es  to  be r e l i a b l e  in  t h e i r  
c o n s is te n c y  of t e s t i n g  u s in g  th e  P ia g e t ia n  t a s k s . T h e  m easurem ent 
of I .Q . was made u s in g  th e  S h o rt Form T e s t o f Academic A p ti tu d e ,
L evel 5 and any c o n c lu s io n  drawn o f a  r e l a t io n s h ip  o f  c o n c re te  in s t r u c t io n  
and fo rm al i n s t r u c t io n  to  I .Q . l e v e l  m ust be  viewed in  term s o f th e  
r e l i a b i l i t y  and v a l i d i t y  o f t h a t  in s tru m e n t.
2 . T h is  s tu d y  c o n ta in s  th e  l i m i t a t i o n  o f s u b je c t  s e l e c t i o n .  S tu d e n ts  
i d e n t i f i e d  as b e in g  above av e ra g e  by t h e i r  g rad es  in  m athem atics th e  
p rev io u s  y e a r w ere removed from th e  g e n e ra l  p o p u la tio n  o f n in th  g rade 
s tu d e n ts .  S im i la r ly ,  s tu d e n ts  i d e n t i f i e d  as b e in g  below  av erag e  by t h e i r  
g rad es  in  m athem atics th e  p re v io u s  y e a r  w ere removed from  th e  g e n e ra l  
p o p u la tio n  o f  n in th  g rad e  s tu d e n t s .  A group to  e x p e r ie n c e  c o n c re te  
i n s t r u c t io n  and a  group to  e x p e r ie n c e  fo rm al i n s t r u c t io n  w ere s e le c te d  by
^ ^ In h e ld e r  and P ia g e t ,  I b i d . 
^^Renner, I b i d .
^ ^ S u ll iv a n , I b id .
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random ly a s s ig n in g  th e  rem ain ing  average  s tu d e n ts  acc o rd in g  to  c la s s  
s c h e d u lin g  p o s s i b i l i t i e s .
3. The sam ple o f f o r ty  e ig h t  n in th  g rad e  s tu d e n ts  was ta k e n  from 
a  t o t a l  p o p u la tio n  of ap p ro x im ate ly  one hundred  t h i r t y  n in th  g rade 
s tu d e n ts  in  a J u n io r  High School w ith  an e n ro llm e n t o f  fo u r hundred  f i f t y  
s tu d e n ts  in  th e  s e v e n th , e ig h th  and n in th  g ra d e s . These s tu d e n ts  were 
from a r u r a l  community, abou t h a l f  l iv e d  o u ts id e  th e  c i ty  l i m i t s . 
th e  s tu d e n ts  ranged in  so c io -eco n o m ic  l e v e l  from  low er to  m idd le  c l a s s .
DEFINITIONS
C oncrete  i n s t r u c t io n  and fo rm al in s t r u c t io n  r e p re s e n t  two opposing  
te a c h in g  m eth o d o lo g ies . The fo llo w in g  d e f in i t i o n s  p rov id e  th e  c o n c e p tu a l 
framework by w hich each method o f p r e s e n ta t io n  o f th e  c o n te n t m a te r ia l  
was d esigned  f o r  each in s t r u c t io n  method.
C oncrete  i n s t r u c t io n
The in s t r u c t io n a l  p ro ced u re  u t i l i z e d  w ith  th e  c o n c re te  in s t r u c t io n  
group c o n s is te d  o f  im plem enting th e  le a rn in g  c y c le .  The le a rn in g  c y c le  
c o n s is t s  o f th r e e  p h ases : E x p lo ra t io n , c o n c e p tu a l- in v e n tio n  and
d is c o v e ry . Each concept was in tro d u c e d  to  th e  s tu d e n ts  th rough  th e  
e x p lo ra t io n .  The e x p lo ra t io n  phase c o n s is te d  o f a c t i v i t i e s  th e  s tu d e n ts  
were to  do and in c lu d ed  th e  e x p e rie n c e s  o f o b se rv in g , m easu ring , 
e x p e rim en tin g , in t e r p r e t i n g ,  p r e d ic t in g  and model b u i ld in g .  These 
e x p e rie n c e s  w ere guided by w r i t t e n  m a te r ia l  to  g ive  d i r e c t io n  to  th e  
s tu d e n ts ' e x p lo ra t io n  b u t no s p e c i f i c  in fo rm a tio n  about th e  concep t
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was g iv en  th e  s tu d e n ts .  The purpose o f  th e  e x p lo ra t io n  was to  a llow  th e  
s tu d e n ts  to  develop u n d e rs ta n d in g  o f th e  co n cep t to  be le a rn e d  th rough 
a c tu a l  f i r s t  hand e x p e r ie n c e . Upon th e  co m p le tio n  o f  th e  e x p lo ra tio n  
phase  th e  concep tu a l - in v e n t io n  was made f o r  th e  s tu d e n ts .  The 
c o n c e p tu a l- in v e n tio n  phase c o n s is te d  o f  two p a r t s :  Naming th e  concept
and ch eck ing  s tu d e n ts ' u n d e rs ta n d in g  o f  th e  c o n c e p t. The concep t name 
gave th e  s tu d e n ts  a  la b e l  to  a s s o c ia te  w ith  t h e i r  f in d in g  and checking 
s tu d e n t u n d e rs ta n d in g  o f  th e  concep t c o n s is te d  o f  t h e i r  answ ering  
q u e s tio n s  r e l a t e d  to  th e  d a ta  which had  been  c o l le c t e d .  The pu rpose  of 
th e  c o n c e p tu a l- in v e n tio n  phase was to  g iv e  th e  s tu d e n ts  a  name o r  
la b e l  to  d e s c r ib e  th e  concep t th ey  had found th ro u g h  e x p lo ra t io n  and 
to  a llo w  th e  s tu d e n ts  to  u t i l i z e  th e  in fo rm a tio n  th ey  had  o b ta in ed  
th ro u g h  e x p lo ra t io n .  Follow ing th e  c o n c e p tu a l in v e n tio n  th e  s tu d e n ts  
p a r t i c ip a t e d  in  th e  d isc o v e ry  phase o f  th e  le a r n in g  c y c le .  The d isco v e ry  
c o n s is te d  of th e  same ty p es  o f a c t i v i t i e s  as th e  e x p lo ra t io n ;  th a t  i s ,  
o b s e rv in g , m easu ring , e x p e rim e n tin g , i n t e r p r e t i n g ,  p r e d ic t in g  and 
model b u i ld in g .  These a c t i v i t é s  were d e s ig n e d  to  f u r th e r  enhance th e  
s tu d e n t s ' m enta l s t r u c tu r e s  co n ce rn in g  th e  c o n c e p t.
A ty p i c a l  d a y 's  c la s s  a c t i v i t y  v a r ie d  a c c o rd in g  to  which phase o f 
th e  le a rn in g  c y c le  th e  s tu d e n ts  were e x p e r ie n c in g . At th e  o n se t of an 
in v e s t ig a t io n  th e  s tu d e n ts  re c e iv e d  th e  f i r s t  page o f th e  e x p lo ra t io n  
d i r e c t io n s  which d e sc r ib e d  th e  p ro ced u re  th e y  w ere to  fo llo w . The 
s tu d e n ts  th en  com pleted a c t i v i t i e s  o u t l in e d  on th e  f i r s t  page and 
upon a p p ro v a l of th e  i n s t r u c to r  began w orking on th e  n e x t page. An
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av erag e  o f  th re e  pages was found to  be  a f u l l  p e r io d  o f work f o r  th e  
s tu d e n ts ;  th e  f a s t e r  s tu d e n ts  were a llow ed  and encouraged  to  h e lp  and 
work w ith  th e  slow er s tu d e n ts  tow ard  th e  c lo s e  o f each  c l a s s  s e s s io n .
When th e  group had com pleted th e  e x p lo ra t io n  phase th e  c la s s  was s e a te d  
and th e  c o n c e p tu a l- in v e n tio n  was p re s e n te d .  The in v e n tio n  was g iv e n  to  
th e  s tu d e n ts  in  w r i t t e n  form w ith  th e  i n s t r u c to r  rev ie w in g  th e  e x p lo ra t io n  
and o r a l l y  d e s c r ib in g  th e  c o n c e p t. The s tu d e n ts  th e n  com pleted  th e  
"U n d erstan d in g  th e  Concept" q u e s tio n s  w hich would t y p i c a l l y  r e q u i r e  
f i f t e e n  m in u tes . The s tu d e n ts  w ere th e n  g iven  th e  f i r s t  page of 
th e  d isc o v e ry  a c t i v i t i e s  and p roceeded  in  a  manner s im i la r  to  th e  
a c t i v i t i e s  of th e  e x p lo ra t io n  p h ase . Upon com pletion  o f  th e  d isco v e ry  
a s h o r t  rev iew  s e s s io n  was conducted  w ith  th e  i n s t r u c t o r  making r e fe re n c e  
to  m ajor id e a s  and a sk in g  q u e s tio n  p e r t in e n t  to  th e  c o n c e p t. A com plete 
le a rn in g  c y c le  t y p i c a l l y  r e q u ire d  f iv e  to  seven d ay s .
Form al I n s t r u c t io n
The in s t r u c t i o n a l  p ro ced u re  u t i l i z e d  f o r  th e  fo rm al i n s t r u c t io n  
group c o n s is te d  o f th e  i n s t r u c t o r  d i r e c t l y  g iv in g  th e  s tu d e n ts  a l l  
th e  in fo rm a tio n  p e r ta in in g  to  th e  concep t th a t  th e y  w ere e x p e c te d  to  
know. The p ro ced u res  used to  t r a n s m it  in fo rm a tio n  c o n s is te d  o f :
(1) th e  s tu d e n ts  ta k in g  l e c tu r e  n o te s  from an overhead  p r o j e c to r ,
(2) th e  s tu d e n ts  ta k in g  n o te s  from f i l m s t r i p s ,  (3) th e  s tu d e n ts  ta k in g
n o te s  from m otion p ic tu r e s  and (4) re a d in g  assignm en ts  from a  te x tb o o k  
r e l a t e d  to  th e  c o n c e p t. The s tu d e n ts  were no t asked  to  f in d  som ething
fo r  th e m se lv es , r a th e r  th e  in fo rm a tio n  was p re se n te d  to  them by one
o f th e  fo u r  p ro ced u res  j u s t  d e s c r ib e d . The i n s t r u c to r  p re s e n te d  th e
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l e c tu r e s  by m ain ly  u s in g  d e c l a r a t i v e  s e n te n c e s .  In  a d d i t io n  th e  
s tu d e n ts  w ere g iv en  a w orksheet o f q u e s tio n s  a n d /o r  problem s d i r e c t l y  
r e l a t e d  to  th e  d a y 's  le s s o n  and a llow ed  to  com plete  th e  s h e e t  w h ile  th e  
i n s t r u c t o r  was a v a i la b le  to  answ er q u e s tio n s  and a s s i s t  th e  s tu d e n ts  
w ith  a re a s  u n c le a r  to  them. The w orksheet q u e s tio n s  cou ld  be answ ered 
by c o n s u l t in g  th e  d a y 's  n o te s  and th e  problem s w ere p a r a l l e l  to  exam ples 
g iv e n  in  th e  d a y 's  n o te s .
A ty p i c a l  d a y 's  a c t i v i t y  was f o r  th e  i n s t r u c t o r  to  u se  th e  f i r s t  
tw en ty  to  t h i r t y  m inu tes o f c l a s s  g iv in g  th e  s tu d e n ts  th e  c o n te n t f o r  
t h a t  day w ith  one o r  more of th e  fo u r m ethods d e s c r ib e d . D uring a  
l e c tu r e  th e  s tu d e n ts  w ere re q u ire d  to  ta k e  n o te s  on th e  l e c tu r e  m a te r ia l  
t h a t  was p re s e n te d  on an overhead  p r o je c to r .  At o th e r  tim es th e  s tu d e n ts  
w ere shown a  f ilm  o r  f i l m s t r i p .  D uring a  m otion p ic tu r e  th e  p r o je c to r  
was s to p p ed  p e r io d i c a l ly  and th e  i n s t r u c t o r  to ld  th e  s tu d e n ts  
w hat to  w r i te  in  t h e i r  n o te s  abou t th e  co n ce p t. D uring a f i l m s t r ip  
th e  s tu d e n ts  w ere ex p ec ted  to  w r i te  in  t h e i r  n o te s  th e  c a p t io n  o f  th e  
v i s u a l  when th e  i n s t r u c to r  c o n s id e re d  i t  a p p ro p r ia te .  In  th e  c a se  
o f re a d in g  ass ig n m en ts  th e  c l a s s  was g iv e n  th e  f i r s t  p o r t io n  o f c l a s s  
tim e to  do th e  re a d in g . T his was done to  a s s u re  as much as p o s s ib le  
t h a t  th e  re a d in g  was a c tu a l ly  done r a t h e r  th a n  g iv in g  re a d in g  as  a 
homework assignm ent w ith  th e  p o s s i b i l i t y  o f i t  n o t b e in g  com pleted .
T hese fo u r i n s t r u c t i o n a l  p ro ced u re s  o v e rla p p e d  in  term s o f c o n te n t 
m a te r ia l .  The purpose  o f th e  r e p e t i t i o n  was to  p ro v id e  th e  s tu d e n ts  
w ith  as much o p p o r tu n i ty  as p o s s ib le  to  a c q u ire  th e  c o n te n t m a te r ia l ,  
w i th in  th e  framework o f fo rm al i n s t r u c t i o n .  The rem ain ing  p o r t io n  o f
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c la s s  tim e was u t i l i z e d  by th e  s tu d e n ts  co m ple ting  a w o rk sh ee t o f  problem s 
a n d /o r  q u e s tio n s  u nder d i r e c t  s u p e rv is io n  o f  th e  i n s t r u c t o r .  The 
w orksheet was d e s ig n e d  so t h a t  ap p ro x im ate ly  th r e e - f o u r th s  o f i t  
cou ld  be com pleted  in  c la s s  by most s tu d e n ts .  The s tu d e n ts  w ere a llow ed  
to  ta k e  th e  w o rk sh eet home i f  in  th e  o p in io n  o f  th e  i n s t r u c t o r  e f f o r t  
had been made to  com plete  i t  in  c l a s s .
EVALUATION OF THE SAMPLE
The sam ple u t i l i z e d  fo r  t h i s  in v e s t ig a t io n  was i n i t i a l l y  th o u g h t 
to  be an average  sam ple w ith  b o th  h ig h  a c h ie v e rs  and low a c h ie v e rs  
removed. (See item  2 under " L im ita tio n s  o f th e  S tu d y ." )  T h is  g roup ing  
of s tu d e n ts  had been  done by th e  sch o o l system  p r i o r  to  th e  d es ig n  o f 
th e  s tu d y . An a n a ly s i s  o f t h i s  sam ple compared to  th e  Oklahoma p o p u la tio n  
was perform ed .
Two m easures w ere i n i t i a l l y  g iv en  th e  s tu d e n ts  as a  p r e t e s t .  The 
s tu d e n ts  were m easured as to  t h e i r  i n t e l l e c t u a l  developm ent u s in g  fo u r  
P ia g e t ia n  s ty le d  ta s k s  as l i s t e d  in  C hap ter One. Raw d a ta  from th e s e  
ta s k s  a re  p re s e n te d  in  T ab le 5 -1 . The s tu d e n t s ’ i n t e l l e c t u a l  developm ent 
was th en  compared to  th e  Oklahoma p o p u la tio n  a c c o rd in g  to  a  s tu d y  o f 
th e  i n t e l l e c t u a l  l e v e l  o f Oklahoma s tu d e n ts  by John  W. Renner and 
Donald G. S t a f f o r d . T h o s e  d a ta  w ere o b ta in e d  u s in g  s i x  P ia g e t ia n  ta s k s ;  
(1) c o n se rv a tio n  o f s o l id  am ount, (2) c o n s e rv a tio n  o f w e ig h t,
(3) c o n se rv a tio n  o f volum e, (4) e l im in a t io n  o f c o n t r a d ic t io n s .
^^John W. R enner, Don G. S ta f fo rd  and W illiam  3 . Ragan, T eaching  
S cien ce  in  th e  E lem en tary  S ch o o l, (New York: H arper and Row, 1973),
pp . 341-349.
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(5) c o n se rv a tio n  o f volume u s in g  two id e n t i c a l l y  shaped c y l in d e r s  o f 
d i f f e r e n t  w eigh ts  and (6) e x c lu s io n  o f  i r r e l e v a n t  v a r ia b le s .  The 
ta s k s  were a d m in is te re d  to  588 s u b je c t s  ran g in g  from th e  se v e n th  to  
tw e l f th  g ra d e s . The d a ta  c o l le c te d  f o r  th e  n in th  grade in  th a t  s tu d y  
was used  as th e  s ta n d a rd  f o r  th e  Oklahoma p o p u la tio n . For th e  s ta n d a rd  
a  combined sc o re  f o r  th e  s ix  ta s k s  o f s i x  to  e le v e n  was c l a s s i f i e d  as 
c o n c re te  o p e r a t io n a l ,  tw elve  and t h i r t e e n  as p o s t  c o n c re te  o p e r a t io n a l  
and fo u r te e n  th ro u g h  s ix te e n  as fo rm al o p e r a t io n a l .  The co rre sp o n d in g  
c l a s s i f i c a t i o n s  u s in g  th e  fo u r P ia g e t ia n  ta s k s  o f th e  p r e s e n t  in v e s t ig a t io n  
a re  fo u r  to  e ig h t  c o n c re te  o p e r a t io n a l ,  n in e  th ro u g h  e lev en  p o s t c o n c re te  
o p e ra t io n a l  and tw elve th rough  f i f t e e n  fo rm al o p e ra t io n a l .  T ab le 3-1 
c o n ta in s  a summary o f th e  P ia g e t ia n  p r e t e s t  o f th e  p re se n t in v e s t ig a t io n  
and th e  Oklahoma s ta n d a rd .
TABLE 3-1
PIAGETIAN PRETEST AND PIAGETIAN STANDARD 
FOR OKLAHOMA POPULATION
P ia g e t
L evel
Score C oncrete
I n s t r u c t io n
Forma].
I n s t r u c t io n
Combined
Sample
Score Oklahoma
P o p u la tio n
C oncrete 4—8 19 (83%) 19 (76%) 38 (79%) 6-11 78 (83%)
P o s t
C oncrete 9-11 3 (13%) 6 (24%) 9 (19%) 12-13 7 (7%)
Formal 12-15 1 (4%) 0 (0%) 1 (2%) 14-16 9 (10%)
P o s t
C oncrete
and
Formal
9-15 4 (17%) 6 (24%) 10 (21%) 12-16 16 (17%)
N = 23 N = 25 N = 48 N = 94
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The p re c e n ta g e  of c o n c re te  o p e r a t io n a l  s tu d e n ts  (79%) was c lo s e  
to  th e  Oklahoma p o p u la tio n  (83%) f o r  th e  combined sam ple. The p e rc e n ta g e  
of p o s t  c o n c re te  and fo rm al o p e r a t io n a l  s tu d e n ts  (21%) was a l s o  c lo s e  to  
th e  Oklahoma p o p u la tio n  (17%). However d e v ia tio n s  w ere much l a r g e r  f o r  th e  
p e rc e n ta g e  o f  p o s t  c o n c re te  o p e r a t io n a l  s tu d e n ts  (19%) and th e  Oklahoma 
p o p u la tio n  (7%) and fo rm al o p e r a t io n a l  s tu d e n ts  (2%) and th e  Oklahoma 
p o p u la tio n  (10% ). The d a ta  in d ic a te d  t h a t  th e r e  w ere few er fo rm al 
o p e ra t io n a l  s tu d e n ts  in  th e  p r e s e n t  s tu d y  th a n  would be ex p ec ted  i n  a 
random sam pling  o f  Oklahoma n in th  g rad e  s tu d e n ts .
A t - R a t io  t e s t  was perform ed to  d e te rm in e  any s ig n i f i c a n t  d i f f e r e n c e  
in  th e  means o f th e  i n t e l l e c t u a l  developm ent le v e l  of th e  two in s t r u c t io n  
g ro u p s. The r e s u l t s  o f t h i s  t e s t  a re  p re s e n te d  in  T able 3 -2 .
TABLE 3-2
MEANS, STANDARD DEVIATIONS, t-RATIO AND SIGNIFICANCE 
LEVELS FOR PIAGETIAN PRETEST
P ia g e tia n
Task
C oncrete
Mean
I n s t r u c t io n  
S. Dev.
Formal
Mean
I n s t r u c t io n  
S. Dev t d f . P
Con. V ol. 2.09 0 .95 2 .16 0 .80 0.289 46 > 0 .2 0
Sep. Var. 1 .78 0 .60 1 .88 0 .60 0.562 46 > 0 .2 0
Equ. B a l. 1 .26 0 .45 1.40 0 .7 1 0 .806 46 > 0 .2 0
C ol. L iq . 1 .87 0 .69 1 .80 0 .50 0 .401 46 > 0 .2 0
T o ta l 7.00 2 .11 7.24 1 .83 0 .422 46 > 0 .2 0
The c a lc u la te d  t - R a t io  f o r  each  P ia g e t ia n  ta sk  as w e ll as th e  t o t a l  
f e l l  below th e  0 .851  re q u ire d  a t  th e  0 .2 0  l e v e l  o f s ig n i f i c a n c e .  
T h e re fo re  th e  n u l l  h y p o th e s is  t h a t  no s ig n i f i c a n t  d if f e r e n c e
—2 8~
e x i s t e d  betw een th e  means o f th e  i n t e l l e c t u a l  developm ent le v e l  o f  
th e  c o n c re te  i n s t r u c t io n  group and th e  fo rm a l in s t r u c t io n  group a t  th e  
o n se t o f th e  s tu d y  was a c c e p te d .
The s tu d e n ts ' I .Q . was m easured u s in g  th e  S h o rt Form T e s t o f 
Academic A p t i t u d e , 17 L evel 5 . Raw d a ta  from  t h i s  in s tru m e n t a re  p re s e n te d  
in  T ab le  7 -1 . The s ta n d a rd iz e d  mean o f t h i s  m easure i s  100 and th e  
s ta n d a rd  d e v ia t io n  i s  16. The summary o f  th e  p r e t e s t  d a ta  i s  p re s e n te d  
in  T ab le  3 -3 .
TABLE 3-3
MEANS, STANDARD DEVIATIONS FOR I .Q . PRETEST 
AND STANDARDIZED >ÎEAN AND STANDARD DEVIATION
Language 
Mean S. Dev.
Non-Language 
Mean S. Dev.
O v era ll  
Mean S . Dev.
C oncrete
I n s t r u c t io n 95.39 10.74 100.65 12.39 98.43 9 .99
Formal
I n s t r u c t io n 97.36 9 .8 2 98 .8 0 10.91 98.20 9 .9 1
Combined
Sample 96.42 10.21 99 .69 11.56 98 .31 9 .87
S tandard 100.00 16.00 100.00 16.00 100.00 16.00
The means ranged  from 95 .1 8  to  1 0 0 .2 3 . The s ta n d a rd  d e v ia tio n s  
ranged  from 9.32 to  1 2 .5 1 . The means w ere c lo s e  to  th e  s ta n d a rd iz e d  
mean, however th e  s ta n d a rd  d e v ia t io n s  f e l l  s h o r t  o f th e  s ta n d a rd iz e d  
s ta n d a rd  d e v ia tio n  c o n s id e ra b ly . The d a ta  in d ic a te d  th a t  w h ile  th e  
means o f th e  sample group were c lo s e  to  th e  norm al p o p u la tio n  th e  low
^ ^ S u ll iv a n , I b id .
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s ta n d a rd  d e v ia t io n s  in d ic a te d  an abnorm ally  h ig h  c lu s t e r in g  o f th e  
s tu d e n t s ' I .Q . around th e  mean.
A t - R a t io  t e s t  was perfo rm ed  to  d e te rm in e  any s ig n i f i c a n t  d i f f e r e n c e  
in  th e  means o f th e  I .Q . o f  th e  two in s t r u c t io n  g roups. The r e s u l t s  o f 
t h i s  t e s t  a re  p re s e n te d  in  T ab le  3 -4 .
TABLE 3-4
MEANS, STANDRAD DEVIATIONS, t-RATIO AND
I .Q . C oncre te
Mean
I n s t r u c t io n  
S . Dev.
Formal
Mean
I n s t r u c t io n  
S. Dev. t d f . P
Language 95 .39 1 0 .7 4 97 .36 9 .82 0 .664 46 > 0 .2 0
Non-Language 100.65 12 .39 99 .8 0 10 .91 0 .551 46 > 0 .2 0
O v e ra ll 98 .43 9 .9 9 98 .20 9 .96 0 .081 46 > 0 .2 0
The c a lc u la te d  t - R a t io  fo r  a l l  th r e e  p o r t io n s  o f th e  in s tru m e n t f e l l  
w e ll  below th e  0 .8 5 1  r e q u ir e d  a t  th e  0 .2 0  l e v e l  o f s ig n i f i c a n c e .  
T h e re fo re  th e  n u l l  h y p o th e s is  th a t  no s ig n i f i c a n t  d i f f e r e n c e  e x i s t e d  
betw een th e  means o f  th e  I .Q . o f  th e  c o n c re te  i n s t r u c t io n  group and 
fo rm al i n s t r u c t i o n  group a t  th e  o n se t o f  th e  s tu d y  was a c c e p te d .
CHAPTER IV 
CONTENT ACHIEVEMENT
C onten t E xam inations
The purpose  o f t h i s  in v e s t ig a t io n  was to  d e te rm in e  th e  r e la t io n s h ip  
o f c o n c re te  and fo rm al i n s t r u c t i o n  to  c o n te n t-a c h ie v e m e n t, I .Q . and 
i n t e l l e c t u a l  developm ent. The e x p e c ta t io n  was t h a t  s tu d e n ts  e x p e r ie n c in g  
c o n c re te  i n s t r u c t io n  would e x h ib i t  s i g n i f i c a n t l y  g r e a t e r  g a in s  th a n  
s tu d e n ts  e x p e r ie n c in g  fo rm al i n s t r u c t io n  fo r  each  o f th e  th r e e  dependent 
v a r ia b le s .
H yp o th esis  one was t e s t e d  fo r  s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  
means o f th e  co n ten t-ach iev em en t e x h ib i te d  by th e  c o n c re te  i n s t r u c t io n  
group and th e  form al i n s t r u c t io n  g roup. The m u l t ip le  ch o ic e  and f r e e  
re sp o n se  c o n te n t exam inations  w ere g iven  each s tu d e n t  a t  th e  c o n c lu s io n  
o f each c o n te n t u n i t .
Both th e  m u lt ip le  ch o ice  and th e  f r e e  re sp o n se  ex am in a tio n s  were 
sc o re d  by th e  in v e s t ig a t o r .  P re c a u t io n s  w ere ta k e n  to  av o id  b ia s  
when s c o r in g  th e  e x a m in a tio n s . A random number g e n e ra to r  was used  
to  o b ta in  fo u r d i g i t  random numbers which w ere u sed  as i d e n t i f i c a t i o n  
num bers. A f te r  check ing  to  e l im in a te  d u p l ic a te  num bers, th e  numbers 
w ere w r i t t e n  in  th e  space  fo r  th e  s tu d e n ts  name on th e  ex am in a tio n s  
by th e  i n v e s t ig a to r  u s in g  th e  same pen. Each s tu d e n t  was th en
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a ss ig n e d  one o f  th e se  numbers and g iven  th e  co rresp o n d in g  ex am in a tio n . 
B efo re  s c o r in g  th e  exam inations a n o th e r  perso n  mixed th e  ex am in a tio n s  
from b o th  groups o f  s tu d e n ts  o u t o f th e  p resen ce  of th e  in v e s t i g a t o r .
New random numbers were used f o r  each s e t  o f  exam in a tio n s  to  p re v e n t 
th e  in v e s t ig a t o r  from becoming f a m i l i a r  w ith  any s tu d e n t ’ s i d e n t i f i c a t i o n  
number. The s tu d e n ts  were in s t r u c t e d  n o t to  pu t t h e i r  names on th e  
exam in a tio n  p a p e rs .
The in v e s t ig a t o r  sco red  one item  on a l l  p ap ers  b e fo re  g o ing  to  
th e  n e x t item  and every  e f f o r t  was made to  sc o re  a l l  p ap ers  a t  one 
s e t t i n g  f o r  each item . The fo llo w in g  scheme was used f o r  s c o r in g  
th e  m u l t ip le  ch o ice  e x am in a tio n s . Ten p o in ts  were awarded fo r  
a c o r re c t  m u lt ip le  cho ice  s e le c t io n  and an e x p la n a tio n  th a t  su p p o rte d  
th a t  s e le c t io n .  F ive p o in ts  were awarded fo r  an in c o r r e c t  m u l t ip le
4r
cho ice  s e l e c t i o n ,  b u t an e x p la n a tio n  th a t  su p p o rted  th e  c o r r e c t  
s e le c t io n .  No p o in ts  were awarded f o r  a  c o r r e c t  s e le c t io n ,  b u t an 
e x p la n a tio n  th a t  d id  no t s u p p o rt t h a t  s e le c t io n  o r  no e x p la n a tio n .
No p o in ts  w ere awarded fo r  an in c o r r e c t  s e le c t io n ,  and an e x p la n a tio n  
th a t  d id  n o t su p p o rt th e  c o r r e c t  s e l e c t io n  o r  no e x p la n a tio n . The 
f r e e  re sp o n se  exam inations w ere sco red  acco rd in g  to  th e  s u b je c t iv e  
e v a lu a tio n  o f th e  in v e s t ig a t o r .  Every e f f o r t  was made to  sc o re  
th e s e  re sp o n ses  as c o n s i s te n t ly  as p o s s ib le .  W hile s c o r in g  th e  
exam inations  th e  in v e s t ig a to r  was n o t aware o f which group a g iv e n  
pap er was from.
F o llow ing  th e  s c o r in g  o f a l l  th e  ite m s , th e  papers  w ere m atched 
w ith  th e  s tu d e n t 's  name and th e  sc o re s  were re c o rd e d . The re c o rd e d
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s c o re s  were ex p re ssed  in  p e r c e n t i l e  c o r r e c t  p o in ts  and a re  p re s e n te d  
in  T ab les 4-1  and 4 -2 . The c o n te n t exam inations a r e  p re s e n te d  in  
Appendix A.
The means, s ta n d a rd  d e v ia t io n s ,  t - R a t io s  and s ig n i f i c a n c e  le v e ls  fo r  
th e  m u lt ip le  cho ice  c o n te n t ex am in a tio n s  a re  p re s e n te d  in  T ab le 4 -3 .
S im ila r  s t a t i s t i c s  f o r  th e  f r e e  resp o n se  ex am in a tio n s  a re  p re s e n te d  in  
T ab le  4 -4 . F igu re  4 -1  shows a  com parison o f th e  means o f  th e  m u l t ip le  
ch o ice  exam inations and F ig u re  4 -2  shows a  com parison  o f  th e  means o f th e  
f r e e  resp o n se  ex am in a tio n s .
With th e  e x c e p tio n  o f th e  S t a t i c  E l e c t r i c i t y  ex a m in a tio n s  th e  group 
e x p e rie n c in g  c o n c re te  i n s t r u c t io n  ev idenced  g r e a t e r  co n te n t-a c h ie v e m e n t 
th an  th e  group e x p e r ie n c in g  fo rm al i n s t r u c t io n .  The l e v e l  o f s ig n if ic a n c e  
ran g es  from t h i s  d i f f e r e n c e  b e in g  n o t s ig n i f i c a n t  a t  th e  0 .2 0  le v e l  to  
b e in g  s ig n i f i c a n t  a t  th e  0 .0005 l e v e l .
In  th e  case  o f S t a t i c  E l e c t r i c i t y  th e  g r e a te r  mean ev id en ce  by th e  
fo rm al in s t r u c t io n  group was s ig n i f i c a n t  a t  th e  0 .1 0  l e v e l  f o r  th e  m u ltip le  
ch o ice  exam ination  and was n o t s ig n i f i c a n t  a t  th e  0 .2 0  l e v e l  fo r  th e  f re e  
re sp o n se  ex am in a tio n . Three p o s s ib le  re a so n s  a re  o f f e r e d  to  e x p la in  th i s  
ap p a re n t anomaly. (1) The u n i t  on S t a t i c  E l e c t r i c i t y  was en co u n te red  
f i r s t .  D uring t h i s  tim e  th e  ex p e rim e n te r  was becom ing more f a m i l ia r  
w ith  th e  two opposing te a c h in g  m ethods. The p o s s i b i l i t y  e x i s t s  th a t  
th e  dichotom y betw een c o n c re te  i n s t r u c t io n  and fo rm a l in s t r u c t io n  
m ethodolog ies was n o t as marked as w ith  s u c c e s s iv e  u n i t s .  (2) The 
c o n c re te  in s t r u c t io n  te c h n iq u e  u t i l i z e d  e x te n s iv e  s tu d e n t  ex p e rim e n ta tio n  
w ith  o b je c ts .  D uring th e  tim e t h i s  u n i t  was sc h e d u le d  th e  hum id ity
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TABLE 4 -1
RAW DATA FOR CONTENT EXAMS - MULTIPLE CHOICE
S tu d en t
No.
S t a t i c
E le c t .
C urren t
E le c t .
L ig h t & 
O p tic s
Sound Magnet­
ism
E le c tr o ­
m agnetism
O v e ra ll
A verage
1 23 50 35 32 66 11 36.17
2 40 50 50 40 66 44 48.33
3 56 40 40 47 75 58 52 .67
4 20 55 20 61 50 27 38.33
5 25 55 20 43 75 33 41 .83
6 28 27 30 29 50 27 31.83
7 31 45 40 36 33 22 34.50
8 28 50 20 43 66 11 36.33
9 48 60 60 86 41 51 57 .67
10 * 55 40 47 66 38 49.20
11 35 45 30 54 75 34 45.50
12 43 60 15 43 66 22 41.50
13 10 50 50 69 33 33 40.83
14 51 50 70 57 100 51 63 .17
15 33 57 60 26 50 33 43 .16
16 28 50 20 33 41 11 30 .50
17 40 60 40 57 58 38 48 .83
18 56 45 15 47 50 5 36.33
19 * 70 50 57 58 35 54 .00
20 35 50 5 29 16 22 26 .17
21 48 60 40 44 66 36 49.00
22 0 55 35 64 41 50 40.83
23 15 7 30 29 0 50 21.83
24 * * 35 43 66 55 49.75
25 43 40 0 43 50 44 36.67
26 33 * 0 86 16 * 33.75
27 * 17 40 29 33 0 23.80
28 60 20 0 47 50 22 33.17
29 59 10 35 47 58 33 40 .33
30 30 30 25 26 83 11 34.17
31 23 0 0 43 50 16 22.00
32 46 55 40 47 50 55 48.83
33 43 30 25 40 50 11 33 .17
34 8 0 0 29 0 0 6 .17
35 55 10 10 71 16 0 27.00
36 28 0 5 7 50 0 15 .00
37 40 10 55 54 50 55 44.00
38 26 15 20 19 41 16 22.83
39 40 0 30 33 16 0 19.83
40 38 30 10 43 33 55 34.83
41 38 10 10 40 41 27 27 .67
42 48 17 20 57 58 33 38.83
43 23 22 33 61 0 22 26.83
44 31 22 30 50 75 5 35.50
45 60 28 35 71 100 27 53 .50
46 60 15 35 76 50 22 43.00
47 28 10 25 57 16 0 22.67
48 * * 0 0 0 22 5 .50
* In d ic a te s  th a t  th e  s tu d e n t was a b se n t on th e  day of th e  e x a m in a tio n . 
S tu d e n ts  No. 1-23 ex p erien ced  C oncrete  I n s t r u c t i o n .
S tu d e n ts  No. 24-48 e x p e rien ced  Formal I n s t r u c t i o n .
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TABLE 4-2
RAW DATA FOR CONTENT EXAMS -  FREE RESPONSE
S tu d en t S t a t i c C urren t L ig h t & Sound M agnet­ E le c t ro ­ O v e ra ll
No. E le c t . E le c t . O p tic s ism m agnetism Average
1 42 59 51 71 41 27 48.50
2 32 43 41 53 79 11 43.17
3 68 41 29 24 74 52 48.00
4 40 53 24 56 31 28 38.67
5 38 44 40 20 41 17 33.33
6 32 44 34 36 73 44 43.83
7 70 41 27 71 43 32 47.33
8 53 53 39 6 55 * 41.20
9 54 81 83 77 73 43 68.50
10 51 51 50 61 66 27 51.00
11 50 39 47 71 76 63 57.67
12 42 57 46 60 41 22 44.67
13 64 67 44 51 44 21 48.50
14 88 67 71 70 70 43 68.17
15 69 46 47 64 38 17 46.83
16 37 37 19 54 50 8 34.17
17 65 56 81 57 53 21 55.50
18 83 43 53 31 56 30 49.33
19 21 70 27 39 79 36 45.33
20 51 40 31 31 31 16 33.33
21 44 * 43 53 85 32 51.40
22 8 37 36 43 41 56 36.83
23 33 0 13 0 23 16 14.17
24 . 63 * 56 71 73 22 57.00
25 56 34 29 53 51 19 40.33
26 24 * 36 14 63 * 34.25
27 1 26 26 0 49 11 18.83
28 66 53 36 14 73 11 42.17
29 26 20 36 57 41 17 32.83
30 78 34 37 13 81 4 41.17
31 86 67 46 34 48 28 51.50
32 76 79 49 0 54 28 47.67
33 63 31 43 0 38 10 30.83
34 20 46 0 39 23 0 21.33
35 45 43 23 39 41 19 35.00
36 48 7 9 13 38 0 19.17
37 47 24 44 49 50 19 38.83
38 46 7 26 39 16 11 24,17
39 48 20 33 14 44 16 29.17
40 44 24 41 50 50 30 39.83
41 71 7 10 60 36 0 30.67
42 98 37 50 0 69 30 47.33
43 40 16 39 29 0 10 22.33
44 60 36 40 53 75 19 47.17
45 63 61 61 67 59 39 58.33
46 39 19 50 43 41 9 33.50
47 39 11 21 39 19 19 24.67
48 9 * 0 0 23 16 9.60
* In d ic a te s th a t  th e  s tu d e n t was ab se n t on th e  day of th e  ex am in a tio n .
S tu d e n ts  No. 1-23 ex p e rien ced  C oncre te  I n s t r u c t i o n .  
S tu d e n ts  No. 24-48 e x p e rie n c e d  Formal I n s t r u c t i o n .
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TABLE 4-3
MEANS, STANDARD DEVIATIONS, t-RATIOS AND SIGNIFICANCE 
LEVELS FOR MULTIPLE CHOICE CONTENT EXAMINATIONS
C onten t
E xam ination
C oncrete I n s t r u c t i o n  
Mean S. Dev.
Form al
Mean
I n s t r u c t i o n  
S . Dev. t d f, P
S t a t i c  E le c t . 33.00 14.82 39.09 14.16 1.378 41 <0.10
C u rre n t E le c t . 49.83 12.62 17.77 13.90 8.108 43 <0.0005
L ig h t & O p tic s 35.43 16.44 20.72 16.18 3.124 46 <0.005
Sound 46.65 14 .92 44.76 20.29 0 .365 46 >0.20
M agnetism 54.00 21.48 42.08 27.73 1.734 46 < 0 .05
E lectrom ag . 32.26 14 .61 22 .13 19.38 2 .018 45 <0.05
A verage 42.13 10.03 31.15 12.40 3.354 46 <0.005
TABLE 4'-4
MEANS, STANDARD DEVIATIONS, 
LEVELS FOR FREE RESPONSE
t-RAIIOS AND SIGNIFICANCE 
CONTENT EXAMINATIONS
C onten t
E xam ination
C oncrete I n s t r u c t i o n  
Mean S . Dev.
Formal
Mean
I n s t r u c t i o n  
S . Dev. t d f, P
S t a t i c  E le c t . 49.35 19 .28 50.24 23 .3 4 0.144 46 >0.20
C u rre n t E le c t . 48.59 16.16 31.91 19.85 3.056 46 <0.005
L ig h t & O p tic s 42.43 17.74 33.64 16 .28 1.791 46 <0.05
Sound 47.78 21.29 31.60 23 .08 2 .518 46 <0.01
M agnetism 54.91 18.33 46.20 20 .16 1.562 46 <0.10
E lec tro m ag . 30.09 14 .88 16.13 10 .21 3.738 44 <0.0005
A verage 45.62 11.59 35.11 12.46 3.022 46 <0.005
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v e ry  h ig h  making th e  i n t e r a c t io n  r e s u l t i n g  from th e  s t a t i c  e l e c t r i c i t y  
equipm ent d i f f i c u l t  to  a c h ie v e . T h is c o u ld  have le d  to  e rro n eo u s  
c o n c lu s io n s  based  on in a d e q u a te  c o r r e c t  d a t a  c o l le c te d  by th e  s tu d e n t .
(An exam ple: V igorous rubb ing  w ith  wool on a ru b b e r rod was r e q u ir e d  to
ch a rg e  an e le c t ro s c o p e .  T h is  caused  th e  ro d  to  h e a t ,  th e re b y  opening  th e  
p o s s i b i l i t y  o f th e  s tu d e n t th in k in g  h e a t  ch arg ed  th e  e le c tro s c o p e  in s te a d  
o f s t a t i c  e l e c t r i c i t y . )  In  a d d i t io n  c o n te n t  m a te r ia l  n o t o b ta in e d  d i r e c t l y  
from a c tu a l  f i r s t  hand e x p e rie n c e  w ith  o b j e c t s ,  s i tu a t io n s  a n d /o r  e v e n ts  
i s  n o t  c o n c re te  i n s t r u c t io n .  In  t h i s  c a s e ,  th e  i n s t r u c to r  was fo rc e d  to  
e i t h e r  d em o n stra te  how th e  a p p a ra tu s  was supposed  to  work o r  t e l l  th e  
s tu d e n t  how i t  shou ld  w ork. (3) Much o f  th e  c o n te n t m a te r ia l  en co u n te red  
in  S t a t i c  E l e c t r i c i t y  con cep ts  r e q u ir e s  fo rm al o p e ra t io n a l  th in k in g ;  t h a t  
i s ,  th e  c o n te n t was n o t d i r e c t l y  o b ta in a b le  from e x p e rien ce  w ith  o b je c t s ,  
s i t u a t io n s  a n d /o r  e v e n ts .  Assuming t h i s  to  be th e  case  th e  e x p e c ta t io n  
of f in d in g  l i t t l e  s i g n i f i c a n t  d i f f e r e n c e  i n  co n ten t-ach iev em en t r e g a rd le s s  
o f in s t r u c t io n  m ethodology was n o t u n re a s o n a b le .
D ata from th e  u n i t  on C u rren t E l e c t r i c i t y  showed a s ig n i f i c a n t  d i f f e r e n c e  
betw een th e  means in  fa v o r  o f  th e  c o n c re te  in s t r u c t io n  group a t  th e  0 .0005  
l e v e l  fo r  th e  m u lt ip le  ch o ice  ex am in a tio n  and a t  th e  0.005 l e v e l  f o r  th e  
f r e e  re sp o n se  ex am in a tio n . An a n a ly s is  o f  c o v a r ia n c e  was perform ed to  
d e te rm in e  w hether i n t e l l e c t u a l  developm ent o r  I .Q . was re s p o n s ib le  f o r  th e  
observed  d if f e r e n c e  in  means. R e su lts  o f  th e  a n a ly s is  a re  p re s e n te d  in  
T a b le s  4-5  and 4 -6 .
The o b ta in e d  F - r a t i o s  w ere a l l  g r e a t e r  th a n  th e  7.27 r e q u ir e d  f o r  
s ig n i f ic a n c e  a t  th e  0 .0 1  le v e l  fo r  1 and 41 d eg rees  o f freedom . The
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TABLE 4-5
ANALYSIS OF COVARIANCE, PIAGETIAN PRETEST
C ontent
E xam ination
Source of 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le Between 1 1162.26
Choice
W ith in 42 159.10 73.07
F ree Between 1 3253.24
Response
W ith in 41 276.54 11.764
AND
TABLE 4-6
ANALYSIS OF COVARIANCE, I .Q . 
CURRENT ELECTRICITY CONTENT
PRETEST
EXAMINATIONS
C ontent
E xam ination
Source of 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le Between 1 11266.70
Choice
W ith in 42 154.09 73.116
F ree Between 1 3017.60
Response
W ith in 41 267.97 11.261
c o n c lu s io n  was drawn th a t  n e i th e r  i n t e l l e c t u a l  developm ent n o r  I .Q . 
d i f f e r e n c e s  w ere re s p o n s ib le  f o r  th e  o b se rv ed  d if f e r e n c e  betw een th e  means 
o f th e  c o n c re te  in s  - u c t io n  group and th e  fo rm al i n s t r u c t io n  group.
N u ll h y p o th e s is  one was r e je c te d  a t  th e  0 .0005  le v e l  of s ig n i f ic a n c e  fo r  
th e  m u l t ip le  ch o ice  exam in a tio n  and a t  th e  0 .005  l e v e l  o f s ig n i f i c a n c e  fo r  
th e  f r e e  re sp o n se  ex am in a tio n  in  fa v o r  o f  th e  c o n c re te  i n s t r u c t io n  group.
D ata from th e  u n i t  on L ig h t and O p tic s  showed a s ig n i f i c a n t  d i f f e r e n c e  
betw een th e  means a t  th e  0 .005 le v e l  f o r  th e  m u l t ip le  ch o ice  exam ination
—40—
and a t  th e  0 .05  l e v e l  f o r  th e  f r e e  re sp o n se  ex am in a tio n . An a n a ly s i s  o f 
c o v a r ia n c e  was perform ed to  d e te rm in e  w h eth er i n t e l l e c t u a l  developm ent o r  
I .Q . was re s p o n s ib le  f o r  th e  o b served  d if f e r e n c e  in  m eans. R e s u lts  o f  th e  
a n a ly s i s  a re  p re se n te d  in  T ab les  4-7 and 4 -8 .
TABLE 4-7
ANALYSIS OF COVARIANCE, PIAGETIAN PRETEST 
AND LIGHT & OPTICS CONTENT EXAMINATIONS
C ontent
E xam ination
Source o f 
V a r ia t io n d f .
V ariance  
Es t im a te s F
M u ltip le Between 1 2599.72
C hoice
W ith in 45 271.56 9.573
F ree Between 1 971.05
Response
W ith in 45 291.05 3.329 _
TABLE 4-8  
ANALYSIS OF COVARIANCE, I .Q . PRETEST
AND LIGHT & OPTICS CONTENT EXAMINATIONS
C onten t
Exam ination
Source of 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le Between 1 2545.29
C hoice
W ith in 45 237.01 10.739
F ree Between 1 882.43
Response
W ith in 45 212.77 4.147
The o b ta in e d  F - r a t i o s  f o r  th e  m u l t ip le  ch o ice  ex am in a tio n  w ere b o th  
g r e a t e r  th a n  th e  7 .24 re q u ire d  fo r  s ig n i f ic a n c e  a t  th e  0 .0 1  l e v e l  fo r  
1 and 45 d eg rees  o f freedom . The co n c lu s io n  was drawn t h a t  n e i th e r
—41-
i n t e l l e c t u a l  developm ent n o r  I .Q . d i f f e r e n c e s  were re s p o n s ib le  fo r  th e  
observed  d if f e r e n c e  betw een th e  means o f  th e  c o n c re te  i n s t r u c t io n  group 
and th e  fo rm al in s t r u c t io n  group fo r  th e  m u lt ip le  ch o ice  exam in a tio n . The 
o b ta in e d  F - r a t i o s  f o r  th e  f r e e  re sp o n se  exam ination  were b o th  le s s  th an  
th e  4 .06  r e q u ire d  f o r  s ig n i f i c a n c e  a t  th e  0 .0 5  l e v e l .  The in d ic a t io n  
was t h a t  b o th  i n t e l l e c t u a l  developm ent and I .Q . d i f f e r e n c e s  were r e s p o n s ib le  
fo r  th e  observed  d if f e r e n c e s  in  means f o r  th e  c o n c re te  in s t r u c t io n  group 
and fo rm al in s t r u c t io n  group . N u ll h y p o th e s is  one was r e j e c te d  a t  th e
0 .005  le v e l  of s ig n i f ic a n c e  f o r  th e  m u lt ip le  ch o ice  exam in a tio n  and w ith  
th e  above r e s e r v a t io n  r e je c te d  a t  th e  0 .0 5  le v e l  o f  s ig n i f ic a n c e  f o r  th e  
f re e  resp o n se  exam ination  in  fa v o r  of th e  c o n c re te  i n s t r u c t io n  group.
D ata from th e  u n i t  on Sound showed no s ig n i f i c a n t  d i f f e r e n c e  betw een 
th e  means o f th e  m u l t ip le  ch o ice  exam ination  a t  th e  0 .2 0  l e v e l .  The 
d a ta  showed a s ig n i f i c a n t  d i f f e r e n c e  in  fa v o r  o f th e  c o n c re te  in s t r u c t io n  
group a t  th e  0 .0 1  l e v e l  f o r  th e  f r e e  re sp o n se  e x am in a tio n . An a n a ly s is  of 
c o v a rian ce  was perform ed to  d e te rm in e  w hether i n t e l l e c t u a l  developm ent o r
1.Q. was re s p o n s ib le  f o r  th e  ob serv ed  d if f e r e n c e  in  m eans. R e su lts  o f 
th e  a n a ly s is  a re  p re s e n te d  in  T ab les  4-9 and 4 -10 .
TABLE 4-9
ANALYSIS OF COVARIANCE, PIAGETIAN PRETEST 
AND SOUND CONTENT EXAMINATION
C ontent
Exam ination
Source o f  
V a r ia t io n d f .
V arian ce
E s tim a te s F
F ree Between 1 3186.23
Response
W ith in 45 504.19 6.319
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TABLE 4-10
ANALYSIS OF COVARIANCE, I.Q . PRETEST
AND SOUND CONTENT EXAMINATION
C ontent
E xam ination
Source o f 
V a r ia t io n d f .
V a rian c e
E s tim a te s F
F ree
Response
Between 1 3322 .31
W ith in 45 497 .92 6.672
The o b ta in e d  F - r a t io s  were b o th  g r e a t e r  th a n  th e  4 .0 6  r e q u ire d  fo r  
s ig n i f i c a n c e  a t  th e  0 .0 5  le v e l  f o r  1 and 45 d e g re e s  o f  freedom  b u t le s s  
th a n  th e  7 .24 re q u ire d  f o r  th e  0 .0 1  l e v e l .  The c o n c lu s io n  was drawn th a t  
n e i th e r  i n t e l l e c t u a l  developm ent no r I .Q . d i f f e r e n c e s  were re s p o n s ib le  f o r  
th e  o b served  d if f e re n c e  between th e  means o f th e  c o n c re te  i n s t r u c t io n  group 
and fo rm al in s t r u c t io n  group . N u ll h y p o th e s is  one was a c c e p te d  f o r  th e  
m u l t ip le  cho ice  exam ination  and r e je c te d  a t  th e  0 .0 1  l e v e l  f o r  th e  f r e e  
re sp o n se  exam ination  in  fa v o r o f  th e  c o n c re te  i n s t r u c t i o n  g roup .
D ata from th e  u n i t  on M agnetism showed a  s i g n i f i c a n t  d i f f e r e n c e  betw een 
th e  means a t  th e  0 .0 5  le v e l  f o r  th e  m u l t ip le  ch o ice  ex am in a tio n  and a t  
th e  0 .0005  le v e l  f o r  th e  f r e e  re sp o n se  ex am in a tio n  in  fa v o r  o f  th e  c o n c re te  
i n s t r u c t i o n  group. An a n a ly s is  o f c o v a ria n c e  was p erfo rm ed  to  de te rm in e  
w h e th e r i n t e l l e c t u a l  developm ent o r  I .Q . was r e s p o n s ib le  f o r  th e  observed  
d i f f e r e n c e  in  means. R e su lts  o f th e  a n a ly s is  a re  p re s e n te d  in  T ab les 4-11 
and 4 -1 2 .
The o b ta in ed  F - r a t io s  were a l l  l e s s  th an  th e  4 .0 6  r e q u ire d  fo r  
s ig n i f ic a n c e  a t  th e  0 .05  le v e l  fo r  1 and 44 d eg ree s  o f  freedom . The 
in d ic a t io n  was t h a t  b o th  i n t e l l e c t u a l  developm ent and I .Q . d if f e re n c e s  
were re s p o n s ib le  fo r  th e  observed  d if f e r e n c e s  in  means f o r  th e  co n c re te
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TABLE 4-11
ANALYSIS OF COVARIANCE, PIAGETIAN PRETEST
AND MAGNETISM CONTENT EXAMINATIONS
C ontent Source of V ariance
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 1762.91
Choice
W ith in 45 574.91 3.066
F ree Between 1 1079.80
Response
W ith in 45 336.99 3.204
TABLE 4-12
ANALYSIS OF COVARIANCE, I.Q . PRETEST
AND MAGNETISM CONTENT EXAMINATIONS
C ontent Source of V ariance
Exam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 1504.79
Choice
W ith in 45 434.56 3.463
F ree Between 1 859.39
Response
W ith in 45 272.64 3.152
in s t r u c t io n  group and fo rm al in s t r u c t io n  group . With th e  above r e s e r v a t io n  
n u l l  h y p o th e s is  one was r e je c te d  a t  th e  0 .05  l e v e l  o f s ig n if ic a n c e  f o r  th e  
m u lt ip le  cho ice  ex am in a tio n  and r e j e c te d  a t  th e  0 .10  l e v e l  o f s ig n if ic a n c e  
fo r  th e  f r e e  re sp o n se  exam in a tio n  in  fa v o r  o f  th e  c o n c re te  i n s t r u c t io n  
g ro u p .
D ata from th e  u n i t  on E lec trom agnetism  showed a s ig n i f i c a n t  d if f e r e n c e  
betw een th e  means f o r  th e  m u ltip le  ch o ice  ex am in a tio n  a t  th e  0 .0 5  l e v e l  
and a  s ig n i f i c a n t  d i f f e r e n c e  betw een th e  means a t  th e  0 .0005  l e v e l  f o r  th e
-44—
f r e e  re sp o n se  e x a m in a tio n . An a n a ly s is  o f  c o v a ria n c e  was perform ed to  
d e te rm in e  w h e th e r i n t e l l e c t u a l  developm ent o r  I .Q . was r e s p o n s ib le  f o r  
th e  o b served  d i f f e r e n c e  in  means. R e s u lts  o f th e  a n a ly s i s  a re  p re s e n te d  
in  T ab les  4-13 and 4 -14 .
TABLE 4-13
ANALYSIS OF COVARIANCE, PIAGETIAN PRETEST 
AND ELECTROMAGNETISM CONTENT EXAMINATIONS
C ontent
E xam ination
Source of 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le Between 1 1278.09
Choice
W ith in 44 280.46 4 .557
F ree Between 1 2296.16
Response
W ith in 43 158.93 14.448
TABLE 4-14
ANALYSIS OF COVARIANCE, I .Q . PRETEST 
AND ELECTROMAGNETISM CONTENT EXAMINATIONS
C ontent
E xam ination
Source o f 
V a r ia t io n d f .
V arian ce
E s tim a te s F
M u ltip le Between 1 1118.38
Choice
W ith in 44 239.22 4 .675
F ree Between 1 2182.63
Response
W ith in 43 148.41 14.706
The o b ta in e d  F - r a t i o s  f o r  th e  m u l t ip le  ch o ice  ex am ination  were g r e a t e r  
th an  th e  4 .0 6  re q u ire d  f o r  s ig n i f ic a n c e  a t  th e  0 .0 5  l e v e l .  The o b ta in e d  
F - r a t i o s  f o r  th e  f r e e  re sp o n se  ex am in a tio n  were g r e a t e r  th a n  th e  7 .27
—45—
re q u ire d  f o r  s ig n i f ic a n c e  a t  th e  0 .0 1  l e v e l .  The c o n c lu s io n  was drawn 
th a t  n e i th e r  i n t e l l e c t u a l  developm ent n o r  I .Q . d i f f e r e n c e s  w ere r e s p o n s ib le  
f o r  th e  o b served  d if f e r e n c e  betw een th e  means o f  th e  c o n c re te  i n s t r u c t io n  
group and fo rm al i n s t r u c t io n  group fo r  th e  f r e e  re sp o n se  ex am in a tio n .
N u ll h y p o th e s is  one was r e j e c te d  a t  th e  0 .0 5  l e v e l  o f  s ig n i f ic a n c e  f o r  
th e  m u l t ip le  ch o ice  ex am in a tio n  and r e j e c t e d  a t  th e  0.0005 l e v e l  o f 
s ig n i f ic a n c e  fo r  th e  f r e e  re sp o n se  ex am in a tio n  i n  fa v o r  o f th e  c o n c re te  
in s t r u c t io n  group .
O v e ra ll av erag es  w ere computed fo r  each  s tu d e n t  f o r  th e  c o n te n t 
ex am in a tio n s . These av erag es  showed a s i g n i f i c a n t  d i f f e r e n c e  betw een 
th e  means a t  th e  0 .005 le v e l  f o r  b o th  th e  m u l t ip le  cho ice  and th e  f r e e  
re sp o n se  c o n te n t ex am in a tio n s . An a n a ly s is  o f  c o v a rian ce  was perform ed 
to  d e te rm in e  w hether i n t e l l e c t u a l  developm ent o r  I .Q . were r e s p o n s ib le  
fo r  th e  observed  d if f e r e n c e  in  th e  means o f  th e  o v e r a l l  a v e ra g e s . R e s u lts  
of th e  a n a ly s i s  a re  p re s e n te d  in  T ab les  4-15 and 4 -1 6 .
TABLE 4-15
ANALYSIS OF COVARIANCE, PIAGETIAN PRETEST 
AND OVERALL AVERAGE CONTENT EXAMINATIONS
C ontent
E xam ination
Source of 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le Between 1 1528.39
Choice
W ith in 45 122.36 12.491
F ree Between 1 1439.84
Response
W ith in 45 133.55 10.781
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TABLE 4-16
ANALYSIS OF COVARIANCE, I.Q . PRETEST
AND OVERALL AVERAGE CONTENT EXAMINATIONS
C ontent
E xam ination
Source of 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le
Choice
Between 1 1393.44
W ith in 45 77.33 18.019
F ree
Response
Between 1 1279.35
W ith in 45 85.20 15.015
The o b ta in e d  F - r a t i o s  w ere a l l  g r e a t e r  th a n  th e  7 .27  re q u ire d  fo r  
s ig n i f ic a n c e  a t  th e  0 .0 1  le v e l  fo r  1 and 45 d eg ree s  o f freedom . The 
co n c lu s io n  was drawn th a t  n e i th e r  I n t e l l e c t u a l  developm ent n o r  I .Q . 
d i f f e r e n c e s  w ere re s p o n s ib le  fo r  th e  observed  d if f e r e n c e  betw een th e  
means o f th e  c o n c re te  in s t r u c t io n  group and fo rm al i n s t r u c t io n  g roup .
N u ll h y p o th e s is  one was r e je c te d  a t  th e  0 .005  l e v e l  of s ig n i f ic a n c e  fo r  
b o th  th e  m u lt ip le  c h o ic e  o v e r a l l  av erage  and f r e e  re sp o n se  o v e r a l l  av erag e  
in  fa v o r o f th e  c o n c re te  i n s t r u c t io n  g roup .
C onten t P o s t-E x am in a tio n s
H y po thesis  fo u r s t a t e s  t h a t  th e  r e te n t io n  o f g a in s  made in  c o n te n t-  
ach ievem ent was ex p ec ted  to  b e  g r e a te r  fo r  th e  group e x p e rie n c in g  c o n c re te  
i n s t r u c t io n  th a n  f o r  th e  group e x p e rie n c in g  fo rm al in s t r u c t io n .  Raw d a ta  
f o r  th e  c o n te n t p o s t-e x a m in a tio n s  a re  p re s e n te d  in  T ab les 4-17 and 4 -18 . 
The p o s t-e x a m in a tio n s  w ere each g iven  ap p ro x im a te ly  th r e e  months a f t e r  
th e  co rresp o n d in g  c o n te n t e x am in a tio n s . D ata r e l a t i n g  to  t h i s  h y p o th e s is  
w ere t e s t e d  fo r  a s i g n i f i c a n t  d if f e r e n c e  betw een th e  means u s in g  th e
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TABLE 4-17
RAW DATA FOR CONTENT POST-EXAMINATIONS -  MULTIPLE CHOICE
S tu d en t S t a t i c C u rren t L ig h t & found O v e ra ll
Number E le c t . E le c t . O p tic s Average
1 25 40 2 0 36 30.25
2 28 60 2 0 29 34.25
3 45 5 1 0 0 15.00
4 18 0 1 0 14 10.50
5 2 0 2 0 33 47 30.00
6 2 0 1 0 1 0 29 17.25
7 38 50 40 33 40.25
8 2 0 30 1 0 47 26.75
9 63 50 2 0 71 51.00
1 0 35 43 25 57 40,00
1 1 25 50 35 71 45.25
1 2 23 0 0 0 5 .75
13 53 40 30 54 44.25
14 65 80 70 33 62.00
15 18 2 0 2 0 43 25.25
16 35 40 5 0 2 0 . 0 0
17 85 30 30 33 44.50
18 33 30 15 0 19.50
19 60 60 30 43 48.25
2 0 38 27 2 0 14 24.75
2 1 43 50 55 61 52.25
2 2 28 30 1 0 14 20,50
23 15 2 0 25 71 32.75
24 48 5 0 43 24.00
25 0 2 0 0 0 5 .0 0
26 0 0 0 0 0 . 0 0
27 0 0 1 0 0 2 .50
28 0 17 0 0 4.25
29 58 40 35 33 41.50
30 0 15 1 0 0 6 .25
31 0 50 2 0 14 2 1 . 0 0
32 0 30 2 0 29 19.75
33 15 40 25 4 2 1 . 0 0
34 0 0 0 0 0 . 0 0
35 0 2 0 0 29 12.25
36 33 0 0 0 8.25
37 60 2 0 1 0 14 26.00
38 0 7 0 43 12.50
39 0 1 0 0 4 3,50
40 0 40 0 * 13.33
41 0 2 0 0 0 5 .00
42 0 0 0 7 1.75
43 1 0 2 0 0 47 19.25
44 0 0 1 0 0 2.50
45 0 40 0 0 1 0 . 0 0
46 0 1 0 15 29 13.50
47 3 1 0 1 0 1 1 8.50
48 0 0 0 0 0 , 0 0
* In d ic a t  e s  t h a t  th e  s tu d e n t was ab se n t on th e  day o f th e  ex am in a tio n . 
S tu d en ts  No, 1-23 ex p erien ced  C oncre te  I n s t r u c t i o n .
S tu d en ts  No. 24-48 ex p e rien ced  Formal I n s t r u c t i o n ,
«•48**^  
TABLE 4-18
RAW DATA FOR. CONTENT POST-EXAKENATICWS -  FREE RESPONSE
S tu d en t S ta t i c C u rren t L ig h t & Sound O v e ra ll
Number E le c t . E le c t . O p tic s Average
1 36 45 40 60 45 .25
2 44 74 28 57 50.75
3 6 8 49 7 13 34.25
4 24 2 1 2 1 0 14.25
5 38 36 30 14 29 .50
6 24 29 32 45 32.50
7 78 34 24 17 38.25
8 80 39 2 0 27 41.50
9 78 77 47 64 66.50
1 0 36 64 60 64 56 .00
1 1 50 49 32 50 45.25
1 2 81 34 8 0 30.75
13 38 34 40 42 38.50
14 92 53 32 57 58 .50
15 70 14 32 14 32.50
16 38 2 1 2 0 17 24 .00
17 76 49 37 34 49.00
18 34 63 34 38 42.25
19 70 64 2 0 45 49.75
2 0 42 36 31 0 27.25
2 1 44 39 35 60 44.50
2 2 28 39 27 45 34.75
23 1 2 1 1 13 52 23.25
24 74 29 7 57 41.75
25 0 35 5 57 24.25
26 46 2 0 25 28 29.75
27 2 2 1 0 2 0 0 13.00
28 44 2 2 1 2 0 19.50
29 16 2 2 32 41 27.75
30 24 1 2 24 28 2 2 . 0 0
31 30 30 28 60 37.00
32 42 60 35 18 38.75
33 52 2 2 30 2 1 31.25
34 0 32 0 0 8 . 0 0
35 30 29 40 14 28.25
36 18 8 0 0 6 .50
37 36 19 14 2 1 22 .50
38 18 5 1 2 2 0 13.75
39 18 1 2 17 2 1 17.00
40 2 0 1 0 5 * 11.67
41 2 7 5 14 7.00
42 0 17 0 45 15.50
43 44 1 2 1 2 45 28.25
44 14 2 2 2 2 34 23.00
45 40 43 32 2 0 33.75
46 30 9 32 45 29.00
47 26 15 2 1 24 21 .50
48 0 7 0 5 3.00
*In d ic a te s  th a t  th e s tu d e n t was a b se n t on th e day of th e  e x a m in a tio n .
S tu d e n ts No. 1-23 e x p e rie n c e d C oncre te  I n s t r u c t io n .
S tu d en ts No. 24-48 e x p e rie n c e d  Formal I n s t r u c t io n .
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S tu d e n t’s t - R a t io  t e s t .  T ab le  4-19 p r e s e n ts  th e  m eans, s ta n d a rd  d e v ia t io n s ,  
th e  t - s t a t i s t i c  and s ig n i f i c a n c e  l e v e l s  f o r  each c o n te n t  p o s t-e x a m in a tio n  
and th e  o v e r a l l  a v e ra g e s . F ig u re  4 -3  shows a  com parison  o f th e  means o f 
th e  m u l t ip le  ch o ice  p o s t-e x a m in a tio n s  and F ig u re  4 -4  shows a com parison 
o f  th e  means o f th e  f r e e  re sp o n se  p o s t-e x a m in a tio n s .
TABLE 4-19
MEANS, STANDARD DEVIATIONS, t-RATIO AND 
SIGNIFICANCE LEVELS FOR CONTENT POST-EXAMINATIONS
C oncre te  I n s t r u c t i o n  
Mean S. Dev.
Form al I n s t r u c t io n  
Mean S . Dev. t d f . p
M u ltip le  Choice
S t a t i c  E le c t . 36 .22 18.32 9 .0 8 18.96 5.035 46 <0.0005
C u rre n t E le c t . 34 .13 20.35 16.56 15.59 3.374 46 <0.0005
L ig h t & O ptics 23 .61 16.12 6 .60 9.76 4.462 46 <0.0005
Sound 34 .73 23 .48 12.79 16.40 3.735 45 <0.0005
Average 32 .18 14 .74 11 .26 10.18 5 .762 46 <0.0005
F re e  Response
S t a t i c  E le c t . 51 .35 22.81 25 .84 18 .71 4.250 46 <0.0005
C u rren t E le c t . 42 .35 17.86 20 .36 12.95 4.911 46 <0.0005
L ig h t & O p tics 28 .52 13.03 17.20 12.50 3.071 46 <0.005
Sound 35.87 1 2 . 2 2 25 .75 18.77 1.733 45 <0.05
A verage 39.52 12.44 22.15 10.60 5.221 46 <0.0005
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The means w ere a l l  g r e a te r  f o r  th e  group e x p e rie n c in g  c o n c re te  
i n s t r u c t io n .  The means of th e  c o n c re te  i n s t r u c t io n  g roup , w ith  th e  
e x c e p tio n  of th e  f r e e  re sp o n se  L ig h t & O p tic s  and Sound p o s t-e x a m in a t io n s , 
w ere s ig n i f i c a n t l y  g r e a te r  a t  th e  0 .0005  le v e l  th a n  th e  means o f  th e  
fo rm al i n s t r u c t io n  g roup . The d i f f e r e n c e  betw een th e  means o f th e  f r e e  
re sp o n se  L ig h t & O p tic s  p o s t-e x a m in a tio n  was s ig n i f i c a n t  a t  th e  0 .05  
l e v e l .
An a n a ly s is  o f c o v a r ia n c e  was perform ed to  d e te rm in e  w h eth er th e  
s tu d e n t s ' i n t e l l e c t u a l  developm ent l e v e l  o r  I .Q . was r e s p o n s ib le  f o r  
th e  observed  d if f e r e n c e  in  means o f th e  two i n s t r u c t io n a l  g ro u p s . The
s tu d e n t s ' sc o re  on th e  i n t e l l e c t u a l  developm ent and I .Q . p o s t t e s t s  
were used  fo r  t h i s  a n a ly s is  as th ey  were th e  most re c e n t m easu res.
R e su lts  of th e  a n a ly s is  of c o v a ria n c e  f o r  th e  S t a t i c  E l e c t r i c i t y  
c o n te n t p o s t-e x a m in a tio n s  a r e  p re s e n te d  in  T ab les 4-20 and 4 -2 1 .
TABLE 4-20
ANALYSIS OF COVARIANCE, PIAGETIAN POSTTEST 
AND STATIC ELECTRICITY POST-EXAMINATIONS
C ontent
E xam ination
Source o f  
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le
Choice
Between 1 8398.82
W ith in 45 345.96 24.277
F ree
Response
Between 1 6976.14
W ith in 45 388,20 17.970
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TABLE 4-21 
ANALYSIS OF COVARIANCE, I .Q . POSTTEST
C ontent
E xam ination
Source o f 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le
Choice
Between 1 7940.51
W ithin 45 302.37 26 .261
F ree
Response
Between 1 6673.44
W ith in 45 335.39 19.898
The o b ta in e d  F - r a t i o s  w ere a l l  g r e a te r  th a n  th e  7 .24  r e q u ir e d  f o r
s ig n if ic a n c e  a t  th e  0 .0 1  le v e l  fo r  1 and 45 d eg rees  o f freedom . The
c o n c lu s io n  was drawn th a t  n e i th e r  i n t e l l e c t u a l  developm ent n o r  I .Q . 
d i f f e r e n c e s  w ere r e s p o n s ib le  fo r  th e  o b se iv ed  d if f e r e n c e  betw een th e  
means o f th e  c o n c re te  i n s t r u c t io n  group and th e  fo rm al i n s t r u c t io n  group, 
N u ll h y p o th e s is  fo u r  was r e j e c te d  a t  th e  0 .0005 l e v e l  o f  s ig n i f i c a n c e  
f o r  b o th  th e  m u l t ip le  cho ice  and th e  f r e e  re sp o n se  p o s t-e x a m in a tio n s  in  
fa v o r  o f th e  c o n c re te  i n s t r u c t io n  group.
R e su lts  o f th e  a n a ly s is  o f c o v a ria n c e  f o r  th e  C u rren t E l e c t r i c i t y  
p o s t-e x a m in a tio n s  a re  p re s e n te d  in  T ab les  4-22 and 4 -23 .
The o b ta in e d  F - r a t i o s  were a l l  g r e a te r  th a n  th e  7 .24  r e q u ir e d  f o r
s ig n i f ic a n c e  a t  th e  0 .0 1  l e v e l  f o r  1 and 45 d eg rees  o f freedom . The
co n c lu s io n  was drawn th a t  n e i th e r  i n t e l l e c t u a l  developm ent no r I .Q . 
d i f f e r e n c e s  w ere re s p o n s ib le  f o r  th e  ob serv ed  d if f e r e n c e  betw een th e  
means o f th e  c o n c re te  in s t r u c t io n  group and th e  fo rm al in s t r u c t io n  group. 
N u ll h y p o th e s is  fo u r  was r e je c te d  a t  th e  0 .0005 le v e l  f o r  b o th  th e
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TABLE 4-22
ANALYSIS OF COVARIANCE, PIAGETIAN POSTTEST
AND CURRENT ELECTRICITY POST-EXAMINATION
C ontent
E xam ination
Source o f 
V a r ia t io n d f .
V arian ce
E s tim a te s F
M u ltip le Between 1 3518.37
Choice
W ith in 45 327.81 24.632
F ree Between 1 5226.99
Response
W ith in 45 2 1 2 . 2 1 24.632
TABLE 4 -
ANALYSIS OF COVARIANCE
23
, I .Q . POSTTEST
AND CURRENT ELECTRICITY POST-EXAMINATION
C ontent
Exam ination
Source o f 
V a r ia t io n d f .
V ariance
E s tim a te s F
M u ltip le Between 1 3449.17
Choice
W ith in 45 322.91 10.682
m u ltip le  ch o ice  and th e  f r e e  re sp o n se  p o s t-e x a m in a tio n s  in  fa v o r  of th e  
c o n c re te  i n s t r u c t io n  group .
R esu lts  o f th e  a n a ly s is  o f c o v a r ia n c e  f o r  th e  L ig h t & O p tic s  p o s t -  
ex am inations  a re  p re s e n te d  in  T ab les  4-24 and 4 -2 5 .
The o b ta in e d  F - r a t io s  were a l l  g r e a t e r  th a n  th e  7.24 re q u ire d  fo r  
s ig n if ic a n c e  a t  th e  0 .0 1  l e v e l  f o r  1 and 45 d eg rees  o f freedom . The 
co n c lu s io n  was drawn th a t  n e i th e r  i n t e l l e c t u a l  developm ent n o r I .Q . 
d i f f e r e n c e s  were r e s p o n s ib le  f o r  th e  ob serv ed  d if f e r e n c e  betw een th e  
means of th e  c o n c re te  i n s t r u c t io n  group and th e  fo rm al i n s t r u c t io n  group.
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table 4-24
ANALYSIS OF COVARIANCE, PIAGETIAN POSTTEST
AND LIGHT AND OPTICS POST-EXAMINATION
C onten t Source o f V ariance
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 3361.26
Choice
W ith in 45 176.74 10.018
F ree Between 1 1600.00
Response
W ith in 45 163.80 9.768
TABLE 4-25
ANALYSIS OF COVARIANCE, I.Q . POSTTEST
AND LIGHT AND OPTICS POST-EXAMINATION
C ontent Source of V arian ce
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 3239.48
Choice
W ith in 45 169 .93 19.063
F ree Between 1 1394.06
Response
W ith in 45 158 .64 8.787
N u ll h y p o th e s is  fo u r  was r e j e c te d  a t  th e  0 .0005  l e v e l  f o r  b o th  th e  m u l t ip le  
ch o ice  and th e  f r e e  re sp o n se  p o s t-e x a m in a tio n s  in  fa v o r  o f th e  c o n c re te  
in s t r u c t io n  g roup .
R e su lts  o f th e  a n a ly s is  o f c o v a rian ce  f o r  th e  Sound p o s t-e x a m in a tio n s  
a re  p re s e n te d  in  T ab les  4-26 and 4 -2 7 . The o b ta in e d  F - r a t i o s  f o r  th e  
i n t e l l e c t u a l  developm ent p o s t t e s t  and m u l t ip le  ch o ice  p o s t-e x a m in a tio n ,
I .Q . p o s t t e s t  and m u l t ip le  ch o ice  p o s t-e x a m in a tio n  and I .Q . p o s t t e s t  and
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TABLE 4-26
ANALYSIS OF COVARIANCE, PIAGETIAN POSTTEST
AND SOUND POST-EXAMINATION
C onten t Source o f V arian ce
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 5808.59
Choice
W ith in 44 412 .84 14.070
F ree Between 1 1122.31
Response
W ith in 44 406 .97 2.758
TABLE 4-27
ANALYSIS OF COVARIANCE, I .Q . POSTTEST
AND SOUND POST--EXAMINATION
C ontent Source o f V ariance
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 5829.20
Choice
W ith in 44 411.73 14.158
F ree Between 1 5279.79
Response
W ith in 44 218.87 24.123
f r e e  re sp o n se  p o s t-e x a m in a tio n s  w ere a l l  g r e a t e r  th a n  th e  7 .24  r e q u ir e d  
f o r  s ig n i f ic a n c e  a t  th e  0 .0 1  l e v e l .  The F - r a t i o  o f 2 .758  o b ta in e d  f o r  
th e  i n t e l l e c t u a l  developm ent p o s t t e s t  and th e  f r e e  re sp o n se  p o s t-e x a m in a tio n  
was le s s  th a n  th e  4 .06  re q u ire d  f o r  s ig n i f i c a n c e  a t  th e  0 .05  l e v e l .  The 
in d ic a t io n  was t h a t  i n t e l l e c t u a l  developm ent was re s p o n s ib le  f o r  th e  
d i f f e r e n c e  betw een th e  means f o r  th e  f r e e  re sp o n se  ex am in a tio n . N u ll 
h y p o th e s is  fo u r was r e j e c te d  a t  th e  0.0005 l e v e l  o f s ig n i f ic a n c e  f o r  th e
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m u lt ip le  ch o ice  p o s t-e x a m in a tio n  and w ith  th e  above r e s e r v a t io n  r e je c te d  
a t  th e  0 .0 5  l e v e l  of s ig n if ic a n c e  f o r  th e  f r e e  resp o n se  p o s t-e x a m in a tio n .
R e su lts  o f th e  a n a ly s is  o f c o v a ria n c e  f o r  th e  o v e r a l l  average  p o s t­
ex am in a tio n s  a re  p re se n te d  in  T ab les  4-28 and 4-29 .
TABLE 4-28
ANALYSIS OF COVARIANCE, PIAGETIAN POSTTEST 
AND OVERALL AVERAGE POST-EXAMINATION
C ontent Source o f V ariance
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 5104.33
Choice
W ith in 45 160.19 31.864
Free Between 1 3357.89
Response
W ith in 45 125.32 26.794
TABLE 4-29
ANALYSIS OF COVARIANCE, I.Q . POSTTEST
AND OVERALL AVERAGE POST-EXAMINATION
C ontent Source o f V ariance
E xam ination V a r ia t io n d f . E s tim a te s F
M u ltip le Between 1 4962.06
Choice
W ith in 45 153.81 32.262
F ree Between 1 3240.65
Response
W ith in 45 111.74 29.002
The o b ta in e d  F - r a t io s  were a l l  g r e a t e r  th a n  th e  7 .24  r e q u ire d  f o r  
s ig n i f i c a n c e  a t  th e  0 .0 1  l e v e l  f o r  1 and 45 deg rees o f freedom . The
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co n c lu s io n  was drawn th a t  n e i th e r  i n t e l l e c t u a l  developm ent n o r  I .Q . 
d if f e r e n c e s  w ere re s p o n s ib le  f o r  th e  observ ed  d if f e r e n c e  betw een th e  
means of th e  c o n c re te  in s t r u c t io n  group and th e  fo rm al i n s t r u c t io n  g roup . 
N u ll h y p o th e s is  fo u r  was r e j e c te d  a t  th e  0 .0005  le v e l  o f s ig n i f i c a n c e  
fo r  b o th  th e  m u l t ip le  ch o ic e  and th e  f r e e  re sp o n se  p o s t-e x a m in a tio n s  in  
fa v o r of th e  c o n c re te  in s t r u c t io n  g roup .
Comparison o f C on ten t E xam inations and C on ten t P o s t-E x am in a tio n s
In  a d d i t io n  to  th e  t e s t s  o f h y p o th eses  one and fo u r  a  com parison was 
made betw een th e  r e s u l t s  o f sc o re s  f o r  each  c o n te n t ex am in a tio n  and 
c o n te n t p o s t-e x a m in a tio n . T ab le  4-30 p r e s e n ts  th e  raw d a ta  f o r  c o n te n t 
exam ination  and c o n te n t p o s t-e x a m in a tio n  s c o re s  fo r  each o f th e  fo u r  
c o n te n t a re a s  and th e  o v e r a l l  average  f o r  th e  m u l t ip le  ch o ice  ex am in a tio n s . 
T ab le 4-31 p re s e n ts  s im i la r  raw d a ta  f o r  th e  f r e e  re sp o n se  e x a m in a tio n s . 
T ab le 4-32 p re s e n ts  th e  m eans, s ta n d a rd  d e v ia t io n s ,  t - R a t io s  and 
s ig n if ic a n c e  le v e ls  fo r  th e  m u l t ip le  ch o ice  ex am in a tio n s  and p o s t ­
exam inations fo r  S ta t i c  E l e c t r i c i t y ,  C u rre n t E l e c t r i c i t y ,  L ig h t &
O p tic s , Sound and th e  O v e ra ll  Average o f th e s e  fo u r c o n te n t e x a m in a tio n s . 
Table 4-33 p re s e n ts  s im i la r  d a ta  fo r  th e  f r e e  re sp o n se  ex am in a tio n s  
and p o s t-e x a m in a tio n s . For th e  pu rpose o f t h i s  com parison  d a ta  in  
p a re n th e se s  a re  n o t  in c lu d e d  as a m iss in g  s c o re  makes i t  i n v a l id .
F ig u re  4-5 shows th e  c o n te n t ex am in atio n  means and th e  c o n te n t p o s t­
exam ination  means.
The d a ta  f o r  S ta t i c  E l e c t r i c i t y  showed t h a t  th e  c o n c re te  in s t r u c t io n  
group in c re a s e d  from ex am in a tio n  to  p o s t-e x a m in a tio n , w h ile  th e  fo rm al
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table 4-30
RAW DATA FOR CONTENT EXAMINATIONS 
AND CONTENT POST-EXAMINATIONS -  MULTIPLE CHOICE
S tu d en t Sta.. E lec Cur.. E le c . L & 0 Sound O v e ra ll Average
Number Ex PEx Ex PEx Ex PEx Ex PEx Ex PEx
1 23 25 50 40 35 2 0 32 36 35.00 30.25
2 40 28 50 60 50 2 0 40 29 45.00 34.25
3 56 45 40 5 40 1 0 47 0 45.75 15.00
4 2 0 18 55 0 2 0 1 0 61 14 39.00 10.50
5 25 2 0 55 2 0 2 0 33 43 47 35.75 30.00
6 28 2 0 27 1 0 30 1 0 29 29 28.50 17.25
7 31 38 45 50 40 40 36 33 38,00 40.25
8 28 2 0 50 30 2 0 1 0 43 47 35.25 26.75
9 48 63 60 50 60 2 0 8 6 71 63.50 51 .00
1 0 * (35) 55 43 40 25 47 57 (47 .33) (40 .00)
1 1 35 25 45 50 30 35 54 71 41 .00 45.25
1 2 43 23 60 0 15 0 43 0 40.25 5 .75
13 1 0 53 50 40 50 30 69 54 44.75 44.25
14 51 65 50 80 70 70 57 33 57 .00 62 .00
15 33 18 57 2 0 60 2 0 26 43 44.00 25.25
16 28 35 50 40 2 0 5 33 0 32.75 2 0 . 0 0
17 40 85 60 30 40 30 57 33 49.25 44 .50
18 56 33 45 30 15 15 47 0 40.75 19 .50
19 * (60) 70 60 50 30 57 43 (59 .00) (48 .25)
2 0 35 38 50 27 5 2 0 29 14 29.75 24.75
2 1 48 43 60 50 40 55 44 61 48.00 52.25
2 2 0 28 55 30 35 1 0 64 14 38.50 20 .50
23 15 15 7 2 0 30 25 29 71 20.25 32.75
24 * (48) * (5) 35 0 43 43 (39 .00) (24 .00)
25 43 0 40 2 0 0 0 43 0 31.50 5 .0 0
26 33 0 * (0 ) 0 0 8 6 0 (3 9 .6 7 ) ( 0 . 0 0 )
27 * (0 ) 17 0 40 1 0 29 0 (28 .67) (2 .5 0 )
28 60 0 2 0 17 0 0 47 0 31.75 4.25
29 59 58 1 0 40 35 35 47 33 37.75 41.50
30 30 0 30 15 25 1 0 26 0 27.75 6 .25
31 23 0 0 50 0 2 0 43 14 16 .50 2 1 . 0 0
32 46 0 55 30 40 2 0 47 29 47 .00 19.75
33 43 15 30 40 25 25 40 4 34.50 2 1 . 0 0
34 8 0 0 0 0 0 2 0 0 9 .25 0 . 0 0
35 55 0 1 0 2 0 1 0 0 71 29 36.50 12.25
36 28 33 0 0 5 0 7 0 1 0 . 0 0 8 .25
37 40 60 1 0 2 0 55 1 0 54 14 39.75 26 .00
38 26 0 15 7 2 0 0 19 43 2 0 . 0 0 12.50
39 40 0 0 1 0 30 0 33 4 25.75 3.50
40 38 0 30 40 1 0 0 (43) * (30 .25) (13 .33)
41 38 0 1 0 2 0 1 0 0 40 0 24.50 5 .00
42 48 0 17 0 2 0 0 57 7 35.50 1 .75
43 23 1 0 2 2 2 0 33 0 61 47 34.75 19.25
44 31 0 2 2 0 30 1 0 50 0 33.25 2.50
45 60 0 28 40 35 0 71 0 48.50 1 0 . 0 0
46 60 0 15 1 0 35 15 76 29 46.50 13.50
47 28 3 1 0 1 0 25 1 0 57 1 1 30.00 8.50
48 * (0 ) * ( 0 ) 0 0 0 0 (0 . 0 0 ) ( 0 . 0 0 )
* In d lc a te s th a t th e  s tu d e n t was ab sen t on th e day o f  th e ex am in a tio n .
S tu d e n ts  No. 1-23 e x p e rie n c e d  C oncrete  I n s t r u c t i o n .  
S tu d e n ts  No. 24-48 e x p e rie n c e d  Formal I n s t r u c t i o n .  
D ata  in  p a re n th e se s  w ere n o t used  in  c a l c u la t io n s .
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TABLE 4-31
RAW DATA FOR CONTENT EXAMINAIIONS 
AND CONTENT POST-EXAMINATIONS -  FREE RESPONSE
S tu d e n t S ta . E le c . Cut . E le c . L & 0 Sound O v e ra ll Average
Number Ex PEx Ex PEx Ex PEx Ex PEx Ex PEx
1 42 36 59 45 51 40 71 60 55.75 45.25
2 32 44 43 74 41 28 53 57 42.25 50.75
3 6 8 68 41 49 29 7 24 13 40.50 34.25
4 40 24 53 2 1 24 2 56 1 0 43.25 14.25
5 38 38 44 36 40 30 2 0 14 35.50 29.50
6 32 24 44 29 34 32 36 45 36.50 32.50
7 70 78 41 34 27 24 71 17 52.25 38.25
a 53 80 53 39 39 2 0 6 27 37.75 41.50
9 54 78 81 77 83 47 77 64 73.75 66.50
1 0 51 36 51 64 50 60 61 64 53.25 56.00
1 1 50 50 39 49 47 32 71 50 51.75 45.25
1 2 42 81 57 34 46 8 60 0 51.25 30.75
13 64 38 67 34 44 40 51 42 56.50 38.50
14 8 8 92 67 53 71 32 70 57 74.00 58.50
15 69 70 46 14 47 32 64 14 56.50 32.50
16 37 38 37 2 1 19 2 0 54 17 36.75 24.00
17 65 76 56 49 81 37 57 34 64.75 49.00
18 83 34 43 63 53 34 31 38 52.50 42.25
19 2 1 70 70 64 27 2 0 39 45 39.25 49.75
2 0 51 42 40 36 31 31 31 0 38.25 27.25
2 1 44 44 * (39) 43 35 53 60 (46 .67 ) (44 .50)
2 2 8 28 37 39 36 27 43 45 31.00 34.75
23 33 1 2 0 1 1 13 18 0 52 11.50 23.25
24 63 74 * (29) 56 7 71 57 (63 .33 ) (41 .75)
25 56 0 34 35 29 5 53 57 43 .00 24.25
26 24 46 * ( 2 0 ) 36 25 14 28 (2 4 .6 7 ) (29 .75)
27 1 2 2 26 1 0 26 2 0 0 0 13.25 13.00
28 6 6 44 53 2 2 36 1 2 14 0 42.25 19.50
29 26 16 2 0 2 2 36 32 57 41 34.75 27.75
30 78 24 34 1 2 37 24 13 28 40.50 2 2 . 0 0
31 8 6 30 67 30 46 28 34 60 58.25 37.00
32 76 42 79 60 49 35 0 18 51 .00 38.75
33 63 52 31 2 2 43 30 0 2 1 34.25 31.25
34 2 0 0 46 32 0 0 39 0 26.25 8 . 0 0
35 45 30 43 29 23 40 39 14 37.50 28.25
36 48 18 7 8 9 0 13 0 19.25 6.50
37 47 36 24 19 44 14 49 2 1 41.00 22.50
38 46 18 7 5 26 1 2 39 2 0 29.50 13.75
39 48 18 2 0 1 2 33 17 14 2 1 28.75 17.00
40 44 2 0 24 1 0 41 5 (50) * (39 .75) (11 .67)
41 71 2 7 7 1 0 5 60 14 37.00 7.00
42 98 0 37 17 50 0 0 45 46.25 15.50
43 40 44 16 1 2 39 1 2 29 45 31.00 28.25
44 60 14 36 2 2 40 2 2 53 34 47.25 23.00
45 63 40 61 43 61 32 67 2 0 63.00 33.75
46 39 30 19 9 50 32 43 45 37.75 29.00
47 39 26 1 1 15 2 1 2 1 39 24 27.50 21.50
48 9 0 * (7) 0 0 0 5 (3 .0 0 ) (3 .0 0 )
^ In d ic a te s  th a t  th e  
S tu d en ts  No. 1-23 
S tu d en ts  No. 24-48 
D ata in  p a re n th e se s
s tu d e n t was ab sen t on th e  day o f  th e  ex am in a tio n , 
ex p e rie n c e d  C oncrete  I n s t r u c t i o n ,  
ex p e rie n c e d  Formal I n s t r u c t i o n ,  
were n o t used  in  c a l c u l a t i o n s .
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TABLE 4-32
MEANS, STANDARD DEVIATIONS, t-RATIOS AND SIGNIFICANCE 
LEVELS FOR CONTENT EXAMINATIONS AND POST-EXAMINATIONS 
MULTIPLE CHOICE
C onten t C oncrete  I n s t r u c t io n Form al I n s t r u c t io n
Exam. Mean S. Dev. Mean S. Dev. t d f . P
S t a t i c Exam. 33.00 14.82 39 .09 14.16 1 .3 7 8 42 > 0 . 2 0
E l e c t . P. Ex. 35.14 18.42 8 .1 4 18.17 4.839 42 < 0 . 0 0 1
C u rren t Exam. 49.83 12.62 17 .77 13 .90 8 .108 44 < 0 . 0 0 1
E l e c t . P . Ex. 34.13 20.35 18 .59 15.52 2 .870 44 < 0 . 0 1
L ig h t f it Exam. 35.43 16.44 20 .72 16.18 3.124 46 <0 . 0 1
O p tic s P . Ex. 23.61 16.12 6 .6 0 9 .76 4 .462 46 < 0 . 0 0 1
Sound Exam. 46.65 14.92 44 .83 20.73 0 .3 4 4 45 > 0 . 2 0
p . Ex. 34.78 23.48 13.79 16.40 3.735 45 < 0 . 0 0 1
O v e ra ll Exam. 40.75 9 .58 31.05 11.08 2.947 39 < 0 . 0 1
Average P . Ex. 31.05 14.88 12.09 1 0 . 2 0 4 .735 39 < 0 . 0 0 1
TABLE 4-33
MEANS, STANDARD DEVIATIONS, t-RATIOS AND SIGNIFICANCE
LEVELS FOR CONTENT EXAMINATIONS AND POST-EXAMINATIONS
FREE RESPONSE
C onten t C oncrete  I n s t r u c t io n Form al I n s t r u c t io n
Exam. Mean S. Dev. Mean S . Dev. t d f . p
S t a t i c Exam. 49.35 19.28 50 .24 23.34 0 .144 46 > 0 . 2 0
E l e c t . P . Ex. 51.35 22 .81 25 .84 18.71 4 .250 46 < 0 . 0 0 1
C u rren t Exam. 48.59 16.16 31 .91 19.85 3.056 42 < 0 . 0 1
E le c t . P . Ex. 42.50 18.27 20.59 13.40 4.535 42 < 0 . 0 0 1
L ig h t & Exam. 42.43 17.74 33.64 16.28 1 .791 46 < 0 . 1 0
O p tic s P . Ex. 28.52 13.03 17 .20 12.50 3.071 46 <0 . 0 1
Sound Exam. 47.78 21.29 30 .83 23.25 2 .603 45 < 0 . 0 2
P . Ex. 35.87 2 1 . 2 2 25.75 18.77 1.733 45 <0 . 1 0
O v e ra ll Exam. 47.03 14.34 37.58 11.95 2 .341 40 < 0.05
Average P. Ex. 39.30 12.69 27 .02 23.18 2.167 40 < 0.05
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i n s t r u c t io n  group d e c re a se d . The in c re a s e  o f th e  c o n c re te  i n s t r u c t i o n  
group on th e  f r e e  re sp o n se  ex am in a tio n  (49 .35  to  51 .35) r e p r e s e n ts  a 
change o f j u s t  le s s  th a n  th e  fo rm al i n s t r u c t io n  group ex am in a tio n  mean 
(50 .24 ) to  j u s t  g r e a te r  th a n  th e  fo rm al i n s t r u c t io n  group ex am in a tio n  
mean. A s im i la r  in c re a s e  o ccu red  w ith  th e  m u l t ip le  ch o ice  e x a m in a tio n s .
The in c re a s e  of th e  c o n c re te  i n s t r u c t io n  group (33 .00  to  35 .14) i s  c lo s e  
to  th e  fo rm al in s t r u c t io n  group ex am in a tio n  mean (3 0 .0 9 ) .
A p o s s ib le  e x p la n a tio n  as to  why th e  o bserved  in c re a s e  in  c o n te n t-  
ach ievem ent occured  w ith  th e  c o n c re te  in s t r u c t io n  group i s  o f f e r e d .
The c o n te n t m a te r ia l  im m ediately  fo llo w in g  S t a t i c  E l e c t r i c i t y  was 
C u rren t E l e c t r i c i t y .  The p o s s i b i l i t y  e x is te d  t h a t  th e  i n t e r a c t io n  
w ith  th e  S t a t i c  E l e c t r i c i t y  m a te r ia ls  and a p p a ra tu s  was n o t s u f f i c i e n t  
to  a llo w  th e  b u ild in g  o f m ental s t r u c t u r e s  re q u ir e d  to  fu n c t io n  w ith  
th e  co n cep ts  o f  S ta t i c  E l e c t r i c i t y .  However th e  a d d i t io n a l  i n t e r a c t io n  
and e x p e rie n c e s  w ith  th e  c lo s e ly  r e l a t e d  to p ic  o f  C u rren t E l e c t r i c i t y  
p ro v id ed  s u f f i c i e n t  e x p e r ie n c e  to  a llo w  th e  s tu d e n ts  to  accom odate and 
th e re b y  b u i ld  th o se  s t r u c t u r e s  which a llow ed  them to  e x h ib i t  g r e a t e r  
co n ten t-ach iev em en t when w r i t in g  th e  c o n te n t p o s t-e x a m in a tio n s .
The d a ta  f o r  C u rren t E l e c t r i c i t y  showed b o th  th e  c o n c re te  i n s t r u c t io n  
group and th e  fo rm al i n s t r u c t io n  group d e c re a se d  in  th e  means o f c o n te n t-  
ach iev em en t. The p o s t-e x a m in a tio n  mean f o r  th e  m u l t ip le  ch o ice  ex am in a tio n  
of th e  c o n c re te  i n s t r u t i o n  group (34 .13) was g r e a t e r  th a n  th e  ex am in a tio n  
mean o f th e  form al in s t r u c t io n  group (3 1 .9 1 ) .  S im ila r ly  th e  f r e e  re sp o n se  
p o s t-e x a m in a tio n  mean (4 2 .5 0 ) was much g r e a t e r  th a n  th e  ex am in a tio n  mean 
fo r  th e  form al in s t r u c t io n  group (1 7 .7 7 ) .  The d a ta  in d ic a te d  th e  c o n c re te
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i n s t r u c t io n  group n o t on ly  showed s ig n i f i c a n t l y  g r e a t e r  c o n ten t-ach iev em en t 
g a in s  d u rin g  th e  i n s t r u c t io n a l  p e r io d  b u t r e ta in e d  more a f t e r  th r e e  months 
th an  th e  form al in s t r u c t io n  group a c q u ire d  d u rin g  th e  i n s t r u c t i o n a l  p e rio d  
w ith  th e  form al i n s t r u c t io n  group lo s in g  a  s i g n i f i c a n t  p o r t io n  o f acq u ired  
c o n te n t-a c h ie v e m e n t.
The d a ta  fo r  L ig h t & O p tic s  showed b o th  th e  c o n c re te  i n s t r u c t io n  group 
and th e  fo rm al i n s t r u c t io n  group d ec re a se d  in  th e  means o f c o n te n t-  
ach iev em en t. The m u l t ip le  ch o ice  p o s t-e x a m in a tio n  mean o f th e  c o n c re te  
i n s t r u c t io n  group (2 3 .6 1 ) was g r e a te r  th a n  th e  ex am in a tio n  mean o f  th e  
fo rm al in s t r u c t io n  group (2 0 .7 2 ) .  The f r e e  re sp o n se  p o s t-e x a m in a tio n  
mean of th e  c o n c re te  i n s t r u c t io n  group (23 .61) was le s s  th an  th e  exam ination  
mean o f  th e  form al in s t r u c t io n  group (3 3 .6 4 ) . The d a ta  in d ic a te d  th a t  
th e  c o n c re te  i n s t r u c t io n  group r e ta in e d  ap p ro x im ate ly  th e  same l e v e l  of 
co n ten t-ach iev em en t a f t e r  th r e e  months as  th e  fo rm al in s t r u c t io n  group 
had a c q u ire d  d u rin g  th e  i n s t r u c t io n a l  p e r io d  w ith  th e  fo rm al i n s t r u c t io n  
group lo s in g  a  s ig n i f i c a n t  p o r t io n  of a c q u ire d  c o n te n t-a c h ie v e m e n t.
The d a ta  fo r  Sound showed bo th  th e  c o n c re te  i n s t r u c t io n  group and 
th e  fo rm al in s t r u c t io n  group d ec reased  in  th e  means o f c o n te n t-a c h ie v e m e n t. 
The m u lt ip le  cho ice  p o s t-e x a m in a tio n  mean o f th e  c o n c re te  i n s t r u c t io n  
group (34 .78 ) was l e s s  th a n  th e  exam ination  mean o f  th e  fo rm al i n s t r u c t io n  
group (4 4 .8 3 ) .  The f r e e  re sp o n se  p o s t-e x a m in a tio n  mean o f th e  c o n c re te  
i n s t r u c t io n  group (35 .87 ) was g r e a te r  th a n  th e  exam in a tio n  mean o f  th e  
fo rm al in s t r u c t io n  group (3 0 .8 3 ) .  The d a ta  in d ic a te d  th a t  th e  c o n c re te  
i n s t r u c t io n  group r e ta in e d  app ro x im ate ly  th e  same l e v e l  o f c o n te n t-  
ach ievem ent a f t e r  th r e e  months as th e  fo rm al in s t r u c t io n  group acq u ired
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d u r in g  th e  i n s t r u c t i o n a l  p e r io d  w ith  th e  fo rm al i n s t r u c t i o n  group lo s in g  
a s ig n i f i c a n t  p o r t io n  o f  a c q u ire d  c o n te n t-a c h ie v e m e n t.
The d a ta  f o r  th e  o v e r a l l  av e ra g e  co n te n t-a c h ie v e m e n t s c o re s  showed 
b o th  th e  c o n c re te  in s t r u c t io n  group and th e  fo rm al i n s t r u c t io n  group 
d e c re a se d  in  th e  means o f  c o n te n t-a c h ie v e m e n t. The m u l t ip le  ch o ice  
p o s t-e x a m in a tio n  mean o f  th e  c o n c re te  i n s t r u c t io n  group (3 1 .0 5 ) was th e  
same as th e  ex am in a tio n  mean o f  th e  fo rm al i n s t r u c t io n  g ro u p . The 
f r e e  re sp o n se  p o s t-e x a m in a tio n  mean o f  th e  c o n c re te  i n s t r u c t io n  group 
(3 0 .3 0 ) was g r e a t e r  th a n  th e  ex am in a tio n  mean o f  th e  fo rm al i n s t r u c t io n  
group (3 7 .5 8 ) .  The d a ta  in d ic a te d  th a t  th e  c o n c re te  i n s t r u c t i o n  group 
r e ta in e d  more co n te n t-a c h ie v e m e n t a f t e r  th r e e  months th a n  th e  fo rm al 
i n s t r u c t io n  group a c q u ire d  d u rin g  th e  i n s t r u c t i o n a l  p e r io d  w ith  th e  
fo rm al i n s t r u c t io n  group e x h ib i t in g  a m arked d e c re a se  i n  c o n te n t-  
ach ievem ent .
CHAPTER V
GROUP DIFFERENCES IN INTELLECTUAL DEVELOPMENT AND I.Q .
I n t e l l e c t u a l  Development
H yp o th esis  two was t e s t e d  to  d e te rm in e  th e  e f f e c t  o f  te a c h in g  method 
on i n t e l l e c t u a l  developm ent g a in s  made by th e  s tu d e n ts  d u rin g  th e  
ex p e rim e n ta l p ro c e d u re . H y p o th esis  f iv e  was t e s t e d  to  d e te rm in e  th e  
e f f e c t  o f te a c h in g  method on th e  r e te n t io n  of g a in s  made in  i n t e l l e c t u a l  
developm ent th re e  months a f t e r  th e  c o n c lu s io n  o f  th e  e x p e rim e n ta l p o r t io n  
o f  th e  s tu d y  and may be th o u g h t of as an e x te n s io n  o f  h y p o th e s is  two.
T ab le  5-1 p re s e n ts  th e  raw d a ta  f o r  th e  P ia g e t ia n  ta s k s  used to  m easure 
i n t e l l e c t u a l  developm ent. S tu d en t number f o r ty  was n o t  a v a i la b le  f o r  
p o s t - p o s t t e s t in g  and th e r e f o r e  was removed from th e  sam ple fo r  th e  p u rp o se  
o f t e s t i n g  h y p o th eses  two and f iv e .  T ab le  5-2  p re s e n ts  th e  s tu d e n ts ' 
P ia g e t ia n  t o t a l  s c o re s  f o r  p r e t e s t ,  p o s t t e s t  and p o s t - p o s t t e s t  and p r e t e s t  
to  p o s t t e s t ,  p o s t t e s t  to  p o s t - p o s t t e s t  and p r e t e s t  to  p o s t - p o s t t e s t  
d i f f e r e n c e  s c o re s .  T ab le  5-3 p re s e n ts  th e  means, s ta n d a rd  d e v ia t io n s ,  
t - r a t i o s  and s ig n i f ic a n c e  le v e ls  f o r  th e  t o t a l  s c o re s  o f th e  P ia g e t ia n  
m easures o f i n t e l l e c t u a l  developm ent.
For each case  th e  t - r a t i o  was le s s  th a n  th e  0 .851  re q u ire d  f o r  
s ig n if ic a n c e  a t  th e  0 .20  l e v e l .  The t - r a t i o  t e s t s  r e s u l t s  were m is le a d in g , 
how ever. F ig u re  5-1  p re s e n ts  th e  means of th e  t o t a l  s c o re s  fo r  th e
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table 5-1
RAW DATA FOR PIAGETIAN TASKS
P r e te s t P o s t te s t Post - p o s te s t
S tuden t Con. Sep. Equ. Col. Con. Sep. Equ. C ol. Con. Sep. Equ. C ol.
Number Vol. Var. H al. L iq . Vol. Var. B al. L iq . V ol. V ar. B al. L iq .
1 1 1 1 1 2 2 1 2 1 2 1 2
2 3 2 1 2 3 2 1 2 3 1 1 2
3 3 2 1 2 3 4 3 2 3 3 3 2
4 1 1 1 1 1 2 2 2 1 2 2 2
5 1 2 1 2 1 1 1 2 1 3 1 2
6 1 2 1 2 3 2 1 1 3 2 2 2
7 3 2 2 3 3 3 3 2 3 3 3 2
8 3 2 1 2 3 2 3 2 3 3 3 2
9 3 3 2 4 3 4 2 2 3 4 3 4
1 0 1 2 1 2 1 2 2 2 2 3 2 2
1 1 1 2 1 2 1 3 2 2 1 3 1 2
1 2 3 1 1 2 3 3 3 2 3 3 2 2
13 2 2 2 2 3 3 2 2 3 3 3 2
14 2 2 1 2 3 3 2 2 3 2 1 3
15 3 2 2 1 3 3 2 2 3 3 3 2
16 3 2 1 2 1 3 1 2 2 2 2 2
17 1 1 1 1 1 1 1 1 3 2 3 2
18 2 2 2 2 3 2 2 2 3 2 3 2
19 3 2 2 2 3 3 2 3 3 3 3 3
2 0 1 1 1 1 1 1 1 1 1 2 1 2
2 1 3 3 1 2 3 3 3 2 3 3 3 3
2 2 3 1 1 2 3 3 1 3 3 3 1 2
23 1 1 1 1 1 1 1 1 1 1 1 2
24 2 2 1 2 3 3 1 3 3 3 1 3
25 2 3 3 2 2 3 3 2 3 4 3 3
26 3 2 2 3 3 3 2 3 2 3 2 2
27 1 1 1 1 1 2 2 2 1 2 2 2
28 3 2 3 2 3 4 3 2 3 4 3 2
29 2 2 1 2 3 3 2 2 3 2 1 2
30 2 2 1 1 2 2 1 2 1 3 2 2
31 3 2 1 2 3 2 1 2 3 2 1 2
32 3 3 2 2 3 3 3 3 3 4 3 2
33 1 2 1 2 2 2 1 2 3 2 1 2
34 3 2 1 2 3 2 3 3 3 3 3 2
35 1 1 1 1 2 1 1 2 2 3 2 1
36 3 2 2 2 3 2 2 2 3 3 2 2
37 1 2 2 1 2 2 2 2 1 2 2 2
38 1 1 1 2 1 1 1 2 2 1 1 2
39 2 1 1 1 3 1 1 2 3 2 1 2
40 2 2 1 2 3 2 2 2 * * * A
41 3 2 1 1 1 1 1 2 3 2 1 2
42 2 3 1 2 3 3 3 2 3 3 3 3
43 3 2 1 2 1 2 1 1 3 3 2 2
44 2 2 1 2 2 3 1 2 2 2 1 2
45 3 2 1 2 1 2 1 2 3 3 2 3
46 2 2 1 2 1 2 1 2 3 2 1 2
47 1 1 1 2 1 2 1 2 1 2 1 2
48 3 ]_ 3 2 1 1 1 1 1 1 1 1
* In d ic a te s  th a t  
S tu d en ts  No. I- 
S tuden ts  No. 24-
s tu d e n t was n o t 
23 e x p e rie n c e d  
48 e x p e rie n c e d
a v a i la b le  fo r  t e s t i n g .  
C oncrete  I n s t r u c t io n .  
Formal I n s t r u c t io n .
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TABLE 5-2
PIAGETIAN TOTAL SCORES AND CHANGE OF SCORES
S tu d en t P r e t e s t P o s t te s t P o s t- P r e t e s t  to P o s t t e s t  to P r e t e s t  to
P o s t t e s t P o s t - p o s t t e s t P o s t - p o s t t e s t P o s t - p o s t te s t
1 4 7 6 +3 - 1 4-2
2 8 8 7 0 - 1 - 1
3 8 1 2 1 1 +4 - 1 4-3
4 4 7 7 +3 0 4-3
5 6 5 7 - 1 4-2 4-1
6 6 7 9 + 1 + 2 4-3
7 1 0 1 1 1 1 + 1 0 4-1
8 8 1 0 1 1 + 2 4-1 4-3
9 1 2 1 1 14 - 1 4-3 4-2
1 0 6 7 9 + 1 4-2 4-3
1 1 6 8 7 + 2 - 1 4-1
1 2 7 1 1 1 0 4-4 - 1 4-3
13 8 1 0 1 1 4-2 4-1 4-3
14 7 1 0 9 4-3 - 1 4-2
15 8 1 0 1 1 4-2 4-1 4-3
16 8 7 8 - 1 4-1 0
17 4 4 1 0 0 46 4-6
18 8 9 1 0 4-1 4-1 4-2
19 9 1 1 1 2 4-2 4-1 4-3
2 0 4 4 6 0 +2 4-2
2 1 9 1 1 1 2 4-2 4-1 4-3
2 2 7 1 0 9 4-3 - 1 4-2
23 4 4 5 0 +1 4-1
24 7 1 0 1 0 4-3 0 4-3
25 1 0 1 0 13 0 4-3 4-3
26 1 0 1 1 9 4-1 - 2 - 1
27 4 7 7 4-3 0 4-3
28 1 0 1 2 1 2 4-2 0 4-2
29 7 1 0 8 4-3 - 2 4-1
30 6 7 8 4-1 4-1 4-2
31 8 8 8 0 0 0
32 1 0 1 2 1 2 4-2 0 4-2
33 6 7 8 4-1 4-1 4-2
34 8 1 1 1 1 4-3 0 4-3
35 4 6 8 4-2 4-2 4-4
36 9 9 1 0 0 + 1 4-1
37 6 8 7 4-2 - 1 4-1
38 5 5 6 0 4-1 4-1
39 5 7 8 4-2 4-1 4-3
40 (7) (9) * (4-2) * *
41 7 5 8 - 2 4-3 4-1
42 8 1 1 1 2 4-3 4-1 +4
43 8 5 1 0 -3 4-5 +2
44 7 8 7 4-1 - 1 0
45 8 6 1 1 - 2 4-5 4-3
46 7 6 8 - 1 +2 4-1
47 5 6 6 + l 0 4-1
48 9 4 4 -5 0 -5
* In d ic a te s  S tuden t 
S tu d en ts  No. 1-23 
S tu d en ts  No. 24-48
a b se n t, d a ta
ex p erien ced
exp erien ced
in  p a re n th e se s  n o t used . 
C oncrete  I n s t r u c t io n .  
Formal I n s t r u c t io n .
FI GURE 5 1 
INTELLECTUAL DEVELOPMENT MEANS 
PRETEST, POSTTEST AND POST-POSTTEST
C O N C I I T t  I N S T I U C T I O N F O I M A I  I N S T I U C T I O N
9.aa
9 , 0 0 9 . 0 0
1.79
1 .4 3
8.00 . 8.007.94
7.as
7.00. 7 .0 07 .00
» 0 » T - » 0 $ T T I i r
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TABLE 5-3
MEANS, STANDARD DEVIATIONS, t-RATIOS AND SIGNIFICANCE LEVELS
C oncrete
Mean
I n s t r u c t io n  
S. Dev.
Form al
Mean
I n s t r u c t i o n  
S. Dev. t d f . P
P r e t e s t 7 .00 2 . 1 1 7 .25 1 .87 0 .430 46 > 0 . 2 0
P o s t t e s t 8 .43 2 .52 7 .9 6 2 .4 2 0 .661 46 > 0 . 2 0
P o s t - p o s t t e s t  9 .22 2 .30 8 .79 2 .25 0 .643 46 > 0 . 2 0
P ia g e t ia n  p r e t e s t ,  p o s t t e s t  and p o s t - p o s t t e s t .  The l i n e s  o f th e  c o n c re te  
i n s t r u c t i o n  and th e  form al i n s t r u c t i o n  group c ro s s  d u r in g  th e  i n s t r u c t i o n a l  
p e r io d .  The s lo p e  o f th e  i n t e l l e c t u a l  developm ent l i n e  fo r  th e  group 
e x p e r ie n c in g  c o n c re te  i n s t r u c t io n  was g r e a t e r  th a n  th e  s lo p e  f o r  th e  group 
e x p e r ie n c in g  fo rm al i n s t r u c t io n .  The c o n c re te  i n s t r u c t i o n  group mean 
was s l i g h t l y  le s s  th a n  th e  fo rm al i n s t r u c t i o n  group mean a t  th e  o n s e t o f 
th e  s tu d y  and s l i g h t l y  g r e a te r  th a n  th e  fo rm al i n s t r u c t i o n  group mean 
a t  th e  c o n c lu s io n  o f  th e  e x p e rim e n ta l p o r t io n  o f th e  s tu d y . The P ia g e t ia n  
t o t a l  d i f f e r e n c e  s c o re s  were t e s t e d  f o r  s ig n i f i c a n c e  u s in g  th e  t - s t a t i s t i c .  
R e s u lts  o f th e  t e s t  a re  p re s e n te d  in  T ab le  5 -4 .
The c a lc u la te d  t - R a t io  f o r  th e  P ia g e t ia n  t o t a l  d i f f e r e n c e  s c o re s  from 
p r e t e s t  to  p o s t t e s t  o f 1 .352 was s i g n i f i c a n t  a t  th e  0 .1 0  l e v e l .  The 
d a ta  in d ic a te d  th a t  th e  c o n c re te  in s t r u c t io n  group e x h ib i te d  g r e a t e r  
g a in s  in  i n t e l l e c t u a l  developm ent th a n  th e  fo rm al i n s t r u c t i o n  group as 
m easured by th e  P ia g e t ia n  ta s k s .  H y p o th esis  two was r e j e c te d  a t  th e
0 . 1 0  l e v e l  of s ig n i f ic a n c e  in  fa v o r o f  th e  c o n c re te  i n s t r u c t i o n  g roup .
D uring th e  th r e e  month in te r im  betw een p o s t t e s t  and p o s t - p o s t t e s t  
a l l  s tu d e n ts  were re tu rn e d  to  t h e i r  r e g u la r  s c ie n c e  c la s s e s .  These
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TABLE 5-4
DIFFERENCE TOTAL PIAGETIAN SCORE MEANS, STANDARD
C oncrete
Mean
I n s t r u c t io n  
S. Dev.
Formal
Mean
I n s t r u c t i o n  
S. Dev. t d f . . P
P r e t e s t  to  
P o s t t e s t 1 .43 1.53 0 .7 1 2 . 1 0 1 .352 46 < 0 . 1 0
P o s t t e s t  to  
P o s t - P o s t t e s t 0 .78 1 . 6 8 0 .8 3 1 .8 1 0 . 1 0 0 46 > 0 . 2 0
P r e t e s t  to  
P o s t - p o s t t e s t 2 . 2 2 1 .38 1 .5 4 1 .89 1.396 46 < 0 . 1 0
c la s s e s  w ere ta u g h t by th e  same te a c h e r  who was aware o f  th e  d e s ig n  of 
t h i s  s tu d y  and made every  e f f o r t  to  g iv e  b o th  groups th e  same in s t r u c t io n  
b o th  in  term s of co n te n t and m ethodology. T hat m ethodology in c lu d e d  a 
b len d  o f c o n c re te  i n s t r u c t io n  and fo rm al i n s t r u c t i o n .  The s tu d e n ts  were 
asked  to  do some la b o ra to ry  work and aulso re c e iv e d  l e c tu r e s  from  th e  
i n s t r u c t o r .  The s lo p e s  o f th e  in c re a s e s  in  i n t e l l e c t u a l  developm ent 
means w ere i d e n t i c a l ,  each e x p e rim e n ta l group showed in c re a s e s  in  
i n t e l l e c t u a l  developm ent a t  th e  same r a t e .  The c a lc u la te d  t - R a t io  f o r  
P ia g e t ia n  t o t a l  d i f f e r e n c e  sc o re s  from  p o s t t e s t  to  p o s t - p o s t t e s t  o f 0 .100  
was n o t s ig n i f i c a n t  a t  th e  0 .2 0  le v e l  o f s ig n i f i c a n c e .  The d a ta  in d ic a te d  
th a t  a f t e r  th e  s tu d e n ts  were re tu rn e d  to  t h e i r  r e g u la r  s c ie n c e  c la s s e s  
th e  i n t e l l e c t u a l  developm ent ga in s  f o r  b o th  g roups o f s tu d e n ts  in c re a se d  
a t  p a r a l l e l  r a t e s .
The t - R a t io  was c a lc u la te d  betw een th e  P ia g e t ia n  t o t a l  d i f f e r e n c e  
s c o re s  from p r e t e s t  to  p o s t - p o s t t e s t .  The o b ta in e d  1 .396  was s ig n i f i c a n t  
a t  th e  0 .10  l e v e l .  Those d a ta  in d ic a te d  th e  c o n c re te  i n s t r u c t io n  group
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r e ta in e d  th e  in c re a se d  g a in s  in  i n t e l l e c t u a l  developm ent th e y  had  made 
o v er th e  fo rm al i n s t r u c t io n  group d u rin g  th e  e x p e rim e n ta l p o r t io n  o f th e  
s tu d y . H ypo thesis  f iv e  was r e je c te d  in  fav o r o f th e  c o n c re te  i n s t r u c t io n  
group a t  th e  0 . 1 0  l e v e l  o f  s ig n i f i c a n c e .
The d a ta  in d ic a te d  th a t  th e  c o n c re te  i n s t r u c t io n  group e x h ib i te d  
g r e a t e r  g a in s  in  i n t e l l e c t u a l  developm ent th an  th e  fo rm al in s t r u c t io n  
group d u rin g  th e  i n s t r u c t io n a l  p e r io d . The re a d e r  sh o u ld  keep in  mind 
t h i s  tr e n d  was e s ta b l i s h e d  w ith  each s tu d e n t e x p e r ie n c in g  on ly  one hour 
p e r  day o f  h is  in s t r u c t io n  m ethodology fo r  e ig h ty  day s . T hat e ig h ty  
days was f u r th e r  reduced  by th e  a d m in is tr a t io n  of c o n te n t ex am in a tio n s  
( 6  d a y s ) , I .Q . exam inations (2 days) and in te r u p t io n s  such as a ssem b lie s  
(4 days) to  le a v e  s ix ty  e ig h t  days i n s t r u c t io n  tim e . The rem a in d er of 
th e  sch o o l day fo r  each s tu d e n t was randomly d e term ined  a c c o rd in g  to  
c l a s s  sc h e d u lin g  p o s s i b i l i t i e s  and was s im i la r  f o r  s tu d e n ts  in  b o th  
g ro u p s . The d a ta  in d ic a te d  th a t  c o n c re te  i n s t r u c t io n  le a d s  to  in c re a se d  
g a in s  in  i n t e l l e c t u a l  developm ent.
L e a rn e r  I .Q .
H y p o th esis  th r e e  was t e s t e d  to  de te rm in e  th e  e f f e c t  o f  i n s t r u c t io n  
method on le a r n e r  I .Q . g a in s  made d u rin g  th e  ex p e rim e n ta l p ro c e d u re . The 
s tu d e n t s ' s e x , age a t  th e  o n se t of th e  s tu d y  and raw d a ta  f o r  th e  s tu d e n ts ' 
I .Q . f o r  p r e t e s t  and p o s t t e s t  a re  p re s e n te d  in  T ab le 5 -5 . T ab le  5-6 
p re s e n ts  th e  means, s ta n d a rd  d e v ia t io n s ,  t -R a t io s  and s ig n i f i c a n c e  le v e ls  
f o r  p r e t e s t  and p o s t t e s t  I .Q . F ig u re  5-2  shows th e  means o f  each  
i n s t r u c t io n  group fo r  I .Q . lan g u ag e , non language and o v e r a l l  s c o re .
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TABLE 5-5
STUDENTS SEX
S tu d en t
Number
Age in  
Months
^  —  
Sex
P r e te s t  
Lang. Non- 
Lang.
Over­
a l l
P o s t t e s t  
Lang. Non- 
Lang.
Over­
a l l
1 171 F 1 0 0 1 1 0 105 1 0 2 94 99
2 175 M 85 93 89 90 105 98
3 177 M 109 117 114 99 109 103
4 173 M 92 8 8 89 97 1 0 1 1 0 0
5 171 F 99 99 1 0 0 92 116 1 0 2
6 179 F 107 95 1 0 1 108 89 99
7 177 M 98 1 1 2 105 94 115 1 0 2
8 169 M 91 106 99 97 1 0 1 1 0 0
9 172 F 105 118 1 1 0 117 117 119
1 0 175 M 96 84 89 96 92 94
1 1 177 M 95 87 90 89 99 94
1 2 176 M 85 108 97 94 1 1 2 1 0 2
13 174 F 95 98 97 104 105 105
14 170 F 1 1 0 1 1 0 1 1 1 1 2 0 117 1 2 1
15 172 F 8 8 115 1 0 1 92 113 1 0 2
16 176 F 89 82 87 8 6 96 91
17 168 M 1 2 2 106 117 125 118 125
18 176 M 79 91 94 80 93 87
19 176 M 94 93 94 91 94 93
2 0 180 F 80 87 82 83 118 98
2 1 156 M 105 1 2 0 1 1 1 97 139 1 1 0
2 2 155 M 8 6 1 1 2 1 0 0 105 119 1 1 1
23. 180 F 84 84 82 77 60 65
24 171 F 116 1 2 2 119 1 1 1 1 0 2 108
25 174 F 8 8 104 97 1 0 1 103 103
26 175 F 1 0 1 106 104 108 99 105
27 166 F 84 87 83 98 87 92
28 175 M 1 0 2 1 1 1 106 1 1 1 116 113
29 173 F 1 0 0 98 1 0 0 92 92 92
30 176 F 115 104 1 1 1 116 99 109
31 179 M 84 90 87 92 8 8 89
32 172 M 119 109 116 117 1 0 0 1 1 0
33 169 F 89 1 0 1 96 99 106 103
34 173 M 93 1 0 1 98 83 98 91
35 195 F 91 1 1 1 99 90 104 96
36 170 F 91 96 94 105 106 107
37 170 F 1 1 0 1 1 0 1 1 1 104 1 1 1 107
38 171 F 1 0 0 85 92 85 82 82
39 168 F 97 78 8 6 106 90 98
40 176 F 1 0 2 98 1 0 1 97 1 0 2 1 0 0
41 174 F 93 99 97 95 107 1 0 1
42 171 M 106 103 106 107 97 103
43 174 F 91 79 83 83 91 8 6
44 169 F 98 1 0 2 1 0 1 106 114 109
45 178 F 92 107 1 0 0 98 118 105
46 171 F 96 94 95 1 0 1 1 0 2 1 0 2
47 181 F 89 93 91 97 90 94
48 177 M 87 82 82 71 69 6 6
S tu d en ts
S tu d en ts
No. 1-23 
No. 24-48
e x p e rie n c e d
e x p e rie n c e d
C oncrete I n s t r u c t io n .  
Formal I n s t r u c t io n .
FI GURE 5 - 2  
I . Q .  ME A N S  
TEST AND POSTTEST
L A N O U A O I _ H  N O N ' I A N O U A C I O V I R A I L
C O N C I I T i  I N S T R U C T I O N T O R M A L  I N S T R U C T I O N
105.
100.
9 ( .
95
90.
* O i T T I S T
105
100
1.30.
95
9 0
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TABLE 5-6
MEANS, STANDARD DEVIATIONS, t-RAlIOS AND SIGNIFICANCE
C oncre te  : 
Mean
I n s t r u c t io n  
S . Dev.
Form al
Mean
I n s t r u c t i o n  
S . Dev. t d f . P
I .Q . P r e t e s t  
Language 95.39 10 ,7 4 97.36 9 .8 2 0.664 46 > 0 .2 0
Non-Language 100.65 12.39 99.80 10 .91 0 .551 46 > 0 .2 0
O v e ra ll 98 .43 9 .9 9 98.20 9 .9 6 0 .081 46 > 0 .2 0
I .Q . P o s t t e s t  
Language 97 .17 12 .06 98 .92 11 .01 0.524 46 > 0 .2 0
Non-Language 105.30 15.54 98 .92 11.15 1.646 46 < 0 .1 0
O v e ra ll 100.87 12 .22 98 .84 10 .61 0.616 46 > 0 .2 0
The o b ta in e d  t - R a t io s  w ere a l l  l e s s  th a n  t h a t  r e q u ire d  f o r  s ig n i f i c a n c e  
a t  th e  0 .2 0  l e v e l  f o r  th e  I .Q . p r e t e s t .  The d a ta  in d ic a te d  t h a t  no 
s ig n i f i c a n t  d i f f e r e n c e  betw een th e  I .Q . l e v e l s  o f th e  two groups e x i s t e d  
a t  th e  o n se t o f  th e  s tu d y .
The o b ta in e d  t - R a t io s  f o r  th e  Language and o v e r a l l  s c o re s  o f  th e  I .Q . 
p o s t t e s t  were b o th  le s s  th a n  th a t  r e q u ir e d  f o r  s ig n i f ic a n c e  a t  th e  0 .20  
l e v e l .  The non -lan g u ag e  t - R a t io  f o r  th e  I .Q . p o s t t e s t  was g r e a t e r  th a n  
th e  1 .303  re q u ire d  fo r  s ig n i f i c a n c e  a t  th e  0 .1 0  l e v e l .
The t -R a t io s  w ere th e n  c a lc u la te d  f o r  th e  d i f f e r e n c e  s c o re s  betw een 
th e  I .Q . p r e te s t  and p o s t t e s t  fo r  la n g u ag e , n o n -lan g u ag e  and o v e r a l l  
s c o re s .  The r e s u l t s  o f th e  t - t e s t s  a re  p re s e n te d  i n  T ab le  5 -7 .
The o b ta in e d  t - R a t io s  fo r  th e  Language and O v e ra ll  d i f f e r e n c e  s c o re s  
betw een p r e te s t  and p o s t t e s t  were le s s  th a n  th a t  r e q u ire d  fo r  s ig n i f i c a n c e
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TABLE 5-7
CHANGE IN I.Q . SCORE FROM PRETEST TO POSTTEST MEANS,
C oncrete  I n s t r u c t io n  
Mean S . Dev.
Formal
Mean
I n s t r u c t io n  
S . Dev. t d f . P
Language 1 .78 7.24 1 .56 8 .83 0.095 46 > 0 .2 0
Non-Language 4.65 11 .90 0 .6 0 8.46 1.369 46 < 0 .1 0
O v e ra ll 2 .39 7.79 0 .6 4 7.53 0 .792 46 > 0 .2 0
a t  th e  0 .2 0 l e v e l . The d if f e r e n c e sc o re s f o r  th e  non- language  I .Q . sc o re
betw een p r e t e s t  and p o s t t e s t  y ie ld e d  a t - R a t io  g r e a te r  than  th e  1 .303  
r e q u ire d  f o r  s ig n i f ic a n c e  a t  th e  0 .10  l e v e l .
The d a ta  in d ic a te d  th a t  c o n c re te  i n s t r u c t io n  and form al i n s t r u c t io n  
d id  n o t d i f f e r  in  t h e i r  e f f e c t  on th e  l e a r n e r s '  language I . Q . , n o r  t h e i r  
o v e r a l l  I .Q . The d a ta  in d ic a te d  th a t  c o n c re te  i n s t r u c t io n  was more 
e f f e c t iv e  th an  form al i n s t r u c t io n  fo r  th e  in c re a s e  o f th e  le a r n e r s  non­
language I .Q . H yp o th esis  th r e e  was a c c e p te d  fo r  th e  le a r n e r s  language
I.Q . and o v e r a l l  I .Q . H y p o th esis  th re e  was r e j e c te d  f o r  th e  l e a r n e r s  
non -lan g u ag e  I .Q . in  fav o r o f  th e  c o n c re te  in s t r u c t io n  group a t  th e  0 .1 0  
l e v e l .
A p o s s ib le  c r i t i c i s m  may be d i r e c te d  tow ard  th e  n a tu re  o f th e  
measurem ent of i n t e l l e c t u a l  developm ent. I n t e l l e c t u a l  developm ent 
was m easured u s in g  P ia g e t ia n  ta s k s  which in v o lv ed  th e  d i r e c t  i n t e r a c t i o n  
betw een th e  s tu d e n t and la b o ra to ry  a p p a ra tu s .  The c o n c re te  i n s t r u c t i o n  
m ethodology e x te n s iv e ly  u t i l i z e d  th e  i n t e r a c t io n  o f th e  s tu d e n t  w ith  
la b o ra to ry  a p p a ra tu s  w h ile  th e  form al i n s t r u c t io n  m ethodology p re s e n te d  
a  v o id  o f such in t e r a c t io n .  The argum ent may be advanced th a t  a
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s tu d e n t e x p e r ie n c in g  c o n c re te  in s t r u c t io n  i s  m erely  t r a in e d  to  fu n c tio n  
a t  a h ig h e r  l e v e l  w ith  th e  P ia g e t ia n  ta s k  a p p a ra tu s  th a n  a  s tu d e n t 
e x p e r ie n c in g  fo rm al i n s t r u c t io n  who la c k s  t h a t  t r a i n i n g .  T h is  argument 
i s  s u b s t a n t i a l l y  weakened by th e  r e s u l t s  o f th e  p ap er and p e n c i l  I .Q . 
ex am in a tio n s . The c o n c re te  i n s t r u c t io n  group showed s ig n i f i c a n t l y  
g r e a te r  n o n -language  I .Q . developm ent th a n  th e  fo rm al in s t r u c t io n  g roup . 
The d a ta  in d ic a te d  t h a t  c o n c re te  in s t r u c t io n  le a d s  to  g r e a te r  m en ta l 
developm ent w h e th e r m easured by a p p a ra tu s  c e n te re d  o r  pap er and p e n c i l  
methods o f e v a lu a t io n .
CHAPTER VI 
RESULTS OF THE ATTITUDE QUESTIONNAIRE
On th e  l a s t  day o f  i n s t r u c t io n  b o th  th e  c o n c re te  i n s t r u c t io n  and 
th e  fo rm al in s t r u c t io n  groups w ere asked  to  com plete a "S tu d en t 
E v a lu a tio n  of th e  C ourse" . (See Appendix D.) The s tu d e n ts  w ere 
in s t r u c te d  n o t to  p u t t h e i r  names on th e  q u e s t io n n a ire  and to  answ er 
as h o n e s tly  as th ey  c o u ld . The s tu d e n ts  were n o t a llo w ed  to  d is c u s s  
t h e i r  resp o n ses  w ith  o th e r  s tu d e n ts  w h ile  f i l l i n g  o u t th e  q u e s t io n n a ir e .
Item s one, two and th r e e  s t a t e :  "How would you c l a s s i f y  th e
prim ary  te a c h in g  p ro ced u res  used  in  t h i s  co u rse?  (Check as many as 
a p p l ic a b le  bu t i f  you check more th a n  one, p le a s e  ran k  your answ ers 
as 1 , 2 , 3 , e t c .  in  o rd e r  from m ost f r e q u e n t ly  u sed  to  l e a s t  f re q u e n tly  
u s e d .) "  The r e s u l t s  of th e  re sp o n ses  were th e n  ta b u la te d  u s in g  th e  
f i r s t  th r e e  ch o ices  o f each s tu d e n t and th e  r e s u l t s  a r e  r e p o r te d  in  
T ab le 6 -1 .
The concept o f i n s t r u c t i o n a l  p ro ced u re  e x h ib i te d  by th e  c o n c re te  
in s t r u c t io n  group fo llo w ed  c lo s e ly  th e  d e f in i t i o n  o f  c o n c re te  
in s t r u c t io n  u t i l i z e d  fo r  th e  d e s ig n  o f  th e  s tu d y . Two ap p a re n t 
anom alies were e x p re sse d , how ever. The c o n c re te  i n s t r u c t i o n  group chose 
"T eacher d em o n stra tio n  w ith o u t e x te n s iv e  le c tu r e "  m ost f r e q u e n t ly  as 
t h e i r  f i r s t  ch o ice  of i n s t r u c t i o n a l  p ro c e d u re , and " M a te r ia ls  (a p p a ra tu s )
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TABLE 6-1
Response S e le c t io n C oncre te
1s t
I n s t r u c t io n  
2nd 3rd
Formal
1s t
I n s t r u c t i o n  
2nd 3rd
L ec tu re 0 1 1 9 0 0
Sm all Group D isc u ss io n 2 2 2 2 1 2
L arge Group D isc u ss io n 1 1 1 0 2 1
L ab o ra to ry  Group Work 5 0 3 1 2 1
L e c tu re -D em o n s tra tio n 1 2 0 3 2 0
T eacher d em o n s tra tio n  w ith  
o u t e x te n s iv e  L e c tu re 11 2 0 1 2 3
M a te r ia ls  (a p p a ra tu s )  
c e n te re d  te a c h in g 0 1 0 0 0 0
Working a lo n e  in  th e  
la b o ra to ry 2 0 1 0 0 1
I n s t r u c to r  w orking 
sam ple problem s 0 1 1 0 6 2
I n s t r u c to r  w orking w ith  
in d iv id u a ls  and sm all 
groups 4 4 2 1 0 0
I n s t r u c to r  t e l l i n g  th e  
s tu d e n ts  w hat th e y  
shou ld  know 2 0 1 4 1 2
I n s t r u c to r  a s s i s t i n g  th e  
s tu d e n ts  in  le a rn in g  
th e  concep t 6 4 3 1 0 2
c e n te re d  te a c h in g "  as th e  l e a s t  f r e q u e n t ly  used i n s t r u c t io n a l  m ethod- 
D em onstra tions w ere o c c a s io n a l ly  perform ed when th e  a p p a ra tu s  were n o t 
a v a i la b le  in  numbers g r e a t  enough f o r  c l a s s  ex p e rim e n ta tio n . D uring 
th e s e  d em o n stra tio n s  sm a ll g roups o f s tu d e n ts  would be shown th e  a p p a ra tu s
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and a llow ed  to  m a n ip u la te  i t  th e m se lv e s . T h is  p ro c e d u re , how ever, was 
used  in  le s s  th an  te n  p e rc e n t o f th e  ex p e rim e n ts . T h is  i n v e s t ig a t o r  
b e l ie v e s  th a t  th e  low re sp o n se  o f th e  c o n c re te  i n s t r u c t i o n  group to  
" M a te r ia ls  (a p p a ra tu s )  c e n te re d  te a c h in g "  cou ld  be a t t r i b u t e d  to  th e  
s tu d e n t s ' m isu n d e rs tan d in g  o f th e  s ta te m e n t .  The c o n c re te  i n s t r u c t io n  
group n e x t  m ost f r e q u e n t ly  s e le c te d  as t h e i r  f i r s t  c h o ic e  " I n s t r u c t o r  
a s s i s t i n g  th e  s tu d e n ts  in  le a rn in g  th e  co n cep t"  fo llo w ed  by "L a b o ra to ry  
group work" and th e n  by " I n s t r u c to r  w orking w ith  in d iv id u a ls  and sm all 
g ro u p s" . The c o n c re te  in s t r u c t io n  group s e le c te d  m ost f r e q u e n t ly  as 
t h e i r  second ch o ice  " I n s t r u c to r  w orking w ith  individuauLs and sm a ll 
g roups" and " I n s t r u c to r  a s s i s t i n g  th e  s tu d e n ts  in  le a r n in g  th e  c o n c e p t" . 
These s e le c t io n s  fo llow ed  c lo s e ly  what has p re v io u s ly  been d e f in e d  as th e  
c o n c re te  in s t r u c t io n  model which was u t i l i z e d  in  t h i s  s tu d y .
The form al i n s t r u c t io n  group chose "L e c tu re "  fo llo w ed  by " I n s t r u c to r  
t e l l i n g  th e  s tu d e n ts  what c o n te n t th ey  sh o u ld  know" and th e n  " L e c tu re -  
D em onstra tion" as th e  p rim ary  i n s t r u c t i o n a l  p ro c e d u re s  used  d u rin g  
th e  c o u rse . The most f r e q u e n t ly  s e le c te d  second c h o ic e  o f th e  fo rm al 
i n s t r u c t io n  group was " I n s t r u c to r  w orking sam ple p ro b lem s" . These 
s e le c t io n s  fo llo w ed  th e  d e f in i t i o n  o f fo rm al i n s t r u c t i o n  u t i l i z e d  fo r  
t h i s  s tu d y .
The d a ta  in d ic a te d  t h a t  th e  s tu d e n t s ' view  o f th e  i n s t r u c t i o n a l  
p ro ced u res  used  was g e n e ra lly  p a r a l l e l  w ith  th e  d e s ig n  o f each  in s t r u c t i o n a l  
m ethod. The s e le c t io n  o f th e  re sp o n se  "T eacher d e m o n s tra tio n  w ith o u t 
e x te n s iv e  le c tu r e "  and avo idance o f th e  re sp o n se  " M a te r ia ls  ( a p p a ra tu s )  
c e n te re d  te a c h in g "  by th e  c o n c re te  i n s t r u c t io n  group r a i s e d  th e  q u e s tio n  
of th e  v a l i d i t y  of item  one f o r  n in th  g rad e  s tu d e n ts .
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Item. fo u r asked  th e  s tu d e n ts  to  s e l e c t  w h e th e r th e y  f e l t  th e y  w ere 
b e in g  to ld  w hat c o n te n t m a te r ia l  to  know o r  w he th er th e y  f e l t  th e y  w ere 
b e in g  le d  to  f in d  o u t abou t th e  c o n te n t  m a te r ia l .  A ll  tw enty  t h r e e  
s tu d e n ts  in  th e  c o n c re te  i n s t r u c t io n  group responded ; e ig h t  s tu d e n ts  
s e le c te d  th e  re sp o n se  which s a id  th e y  f e l t  th e y  w ere b e in g  to l d  w hat 
c o n te n t m a te r ia l  to  know, f i f t e e n  s tu d e n ts  s e le c te d  th e  re sp o n se  w hich 
in d ic a te d  th ey  f e l t  th ey  w ere b e in g  le d  to  f in d  o u t abou t th e  c o n te n t  
m a te r ia l .  Only n in e te e n  o f th e  tw en ty  f iv e  s tu d e n ts  in  th e  fo rm al 
i n s t r u c t io n  group responded ; seven  o f  th o s e  s tu d e n ts  f e l t  they  w ere 
b e in g  to ld  what c o n te n t m a te r ia l  to  know and tw e lv e  o f th e  s tu d e n ts  
f e l t  th ey  were b e in g  le d  to  f in d  o u t about th e  c o n ten t m a te r ia l .
The resp o n se  o f  both  groups to  t h i s  item  was s im i la r  and d id  n o t I n d ic a te  
a d i f f e r e n t i a t i o n  betw een in s t r u c t io n a l  p ro ced u res. T h is i n v e s t ig a t o r  
b e l ie v e s  th a t  th e  v a l id i t y  o f item  fou r  fo r  n in th  grade s tu d e n ts  i s  
q u e s t io n a b le ;  th e  p hrases "being led "  and "being to ld "  a p p a ren tly  h ave  
s e v e r a l  m eanings.
Item  f iv e  asked  th e  s tu d e n ts  to  e v a lu a te  t h e i r  f e e l in g s  about th e  
c o u rse . The re sp o n ses  were th en  ranked  f o r  b o th  i n s t r u c t io n  g roups and 
th e  r e s u l t s  a re  p re se n te d  in  T ab le  6 -2 . The numbers i n  p a re n th e s e s  
in d ic a te  th e  number o f s tu d e n ts  re sp o n d in g  to  th a t  s e le c t io n .
The c o n c re te  i n s t r u c t io n  group in d ic a te d  th e y  l i k e d  th e  i n s t r u c t i o n a l  
p ro ced u re  w ith  on ly  two s tu d e n ts  s e le c t in g  a re sp o n se  in d ic a t in g  a 
d i s l i k e  f o r  th e  in s t r u c t io n a l  p ro c e d u re . The a c t io n s  o f th e  s tu d e n ts  
d u rin g  th e  i n s t r u c t io n a l  p e rio d  con firm ed  t h i s  f e e l in g  as many s tu d e n ts  
would be in  c la s s  e a r ly  in  a n t i c ip a t io n  o f th e  d a y 's  a c t i v i t y .
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TABLE 6-2
_______RANKED RESPONSES FOR ITEM FIVE OF THE ATTITUDE QUESTIONNAIRE
C oncre te  I n s t r u c t io n  Group 
I  l ik e d  them . (19)
I  l ik e d  f in d in g  o u t id e a s  fo r  m y se lf . (13)
I  l ik e d  them , b u t f e l t  in s e c u re  f o r  a  few w eeks. (6)
I  l i k e d  b e in g  to ld  what to  do. (6)
I  l ik e d  them , b u t f e l t  in s e c u re  fo r  th e  e n t i r e  s e m e s te r . (3)
I  d id  n o t l i k e  them , b ecau se  I  f e l t  in s e c u re .  (1)
I  d id  n o t l i k e  them . (1)
Form al I n s t r u c t i o n  Group
I  l ik e d  them . (11)
I  l ik e d  them , b u t f e l t  in s e c u re  f o r  a  few w eeks. (7)
I  d id  n o t l i k e  them. (6)
I  l ik e d  f in d in g  o u t id e a s  fo r  m y se lf . (6)
I  l ik e d  b e in g  to ld  what to  do. (3)
I  d id  no t l i k e  them , becau se  I  f e l t  in s e c u re .  (2)
I  l ik e d  them , b u t f e l t  in s e c u re  fo r  th e  e n t i r e  s e m e s te r . (0)
The fo rm al i n s t r u c t io n  group in d ic a te d  th ey  l ik e d  th e  i n s t r u c t io n a l  
p ro ced u re  w ith  a  few f e e l in g  in s e c u re  f o r  a few w eeks. S e v e ra l s tu d e n ts  
in  th e  fo rm al i n s t r u c t io n  g roup , how ever, in d ic a te d  th ey  d id  n o t l i k e  th e  
p ro c e d u re s . As p re v io u s ly  m entioned  in  C hap ter I I ,  Chronology o f th e  
S tudy , th e  h o s t i l i t y  ev id en ced  by ap p ro x im ate ly  o n e - th i r d  o f  th e  fo rm al 
i n s t r u c t io n  group a g a in s t  w r i t in g  th e  c o n te n t p o s t-e x a m in a tio n s  le d  to  
th e  e a r ly  te rm in a t io n  o f th e  s tu d y . For t h i s  rea so n  th e  c o n te n t p o s t­
ex am in a tio n s  f o r  M agnetism and E lec tro m ag n e tism  w ere n o t g iven  to  th e  
s tu d e n ts .  The s tu d e n t s ' h o s t i l i t i e s  were a ls o  ev id en ced  th rough  
u n s o l ic i t e d  w r i t t e n  comments on th e  exam ination  p a p e rs .  One s tu d e n t ,  
f o r  exam ple, s t a t e d  t h a t  she re fu s e d  to  w r i te  any f u r t h e r  ex am in a tio n s .
The comments o f  th e se  s tu d e n ts  co rresp o n d ed  w ith  th e  s e le c t io n  o f re sp o n ses
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to  item  f iv e .  A pproxim ately  o n e - th i r d  o f  th e  s tu d e n ts  s e le c te d  re sp o n ses  
w hich dem onstra ted  n e g a tiv e  f e e l in g s  abou t th e  c o u rse . As no names were 
a s s o c ia te d  w ith  th e  a t t i t u d e  q u e s t io n n a ir e  th e  d eg ree  to  which a 
c o r r e la t io n  e x is te d  betw een th e  s tu d e n ts  re sp o n d in g  n e g a t iv e ly  about 
t h e i r  f e e l in g s  o f th e  co u rse  on th e  a t t i t u d e  q u e s t io n n a ir e  and th o se  
s tu d e n ts  w r i t in g  n e g a tiv e  comments on c o n te n t p o s t-e x a m in a tn io n  p ap ers  
abou t ta k in g  th e  p o s t-e x a m in a tio n s  was n o t  p o s s ib le .  H ighly  c r i t i c a l  
s tu d e n ts ,  a lth o u g h  n o t th e  m a jo r i ty ,  w ere r e s p o n s ib le  fo r  th e  e a r ly  
te rm in a t io n  of th e  s tu d y . The rem a in in g  s tu d e n ts  in  th e  fo rm al 
i n s t r u c t io n  group w ere w i l l in g  to  c o n tin u e  th e  p o s t-e x a m in a tio n s  and 
a l l  of th e  c o n c re te  in s t r u c t io n  group were w i l l in g  to  con tinue  th e  co n te n t 
p o s t-e x a m in a tio n s .
Item  s ix  asked  th e  s tu d e n ts  to  w r i te  a few l i n e s  d e s c r ib in g  t h e i r  
f e e l in g s  about th e  co u rse . S p e c i f ic  re sp o n se s  may be found in  Appendix C. 
In  g e n e ra l th e  s tu d e n ts  in  th e  c o n c re te  i n s t r u c t io n  group ex p re ssed  good 
f e e l in g s  about th e  c o u rse . A few o f th e  fo rm al i n s t r u c t io n  group f e l t  
th ey  l ik e d  th e  co u rse  b u t many in  th e  fo rm al i n s t r u c t io n  group e x p re ssed  
a d i s l i k e  fo r  th e  co u rse  and fo r  s c ie n c e .  The n e g a t iv e  f e e l in g s  ex p re ssed  
by th e  s tu d e n ts  in  th e  fo rm al i n s t r u c t io n  group in  re sp o n se  to  item  
s ix  r e f le c te d  th e  same te n o r  as d id  th e  u n s o l ic i t e d  f e e l in g s  ex p re ssed  
on th e  co n ten t p o s t-e x a m in a tio n  pap ers  co n ce rn in g  th e  p o s t-e x a m in a tio n s . 
C le a r ly  th e  form al i n s t r u c t io n a l  p ro ced u re  had a l ie n a te d  many s tu d e n ts  
(b u t l e s s  th an  h a l f  o f th e  c la s s )  in  th e  fo rm al in s t r u c t io n  group .
Item  seven asked th e  s tu d e n ts  to  in d ic a te  how much th e  i n s t r u c to r  
added o r  d e t ra c te d  to  t h e i r  f e e l in g s  about th e  c o u rse . The s tu d e n ts
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in  th e  c o n c re te  i n s t r u c t io n  group g e n e ra lly  were s a t i s f i e d  w ith  th e  
i n s t r u c t o r .  The s tu d e n ts  in  th e  fo rm al i n s t r u c t io n  group s im i la r ly  were 
s a t i s f i e d  w ith  th e  i n s t r u c t o r .  S p e c if ic  re sp o n ses  to  item  seven  may 
b e  found in  Appendix C. The in d ic a t io n  from re sp o n ses  to  item  seven  
was t h a t  th e  f e e l in g s  o f b o th  groups tow ard th e  i n s t r u c t o r  were s im i la r  
and p o s i t i v e .
Item  e ig h t  asked  th e  s tu d e n ts  to  in d ic a te  w hat changes th e y  would 
l i k e  to  have made th a t  would im prove th e  c o u rse . S p e c i f ic  re sp o n se s  
may b e  found in  Appendix C, how ever, no su g g e s tio n s  were made th a t  were 
found u s e f u l  in  im proving th e  c o u rse . T h is i n v e s t ig a to r  b e l ie v e s  t h a t  
n in th  g rade s tu d e n ts  a re  n o t a b le  to  e v a lu a te  a co u rse  and make c r i t i c a l  
s ta te m e n ts  abou t how to  im prove in s t r u c t io n a l  m ethods.
Item  n in e  asked  th e  s tu d e n ts  to  w r i te  a s ta te m e n t in d ic a t in g  e i t h e r  
why th e y  p r e f e r r e d  a s ta n d a rd  l e c tu r e  co u rse  o r  why they  p r e f e r r e d  a 
c o u rse  b a sed  on la b o ra to ry  e x p e r ie n c e . S p e c if ic  re sp o n ses  may be found 
in  Appendix D. Four s tu d e n ts  in  th e  c o n c re te  i n s t r u c t io n  group p re f e r r e d  
a  s ta n d a rd  le c tu r e  co u rse  and two ty p i c a l  re sp o n ses  w ere: " i t  makes i t
e a s i e r  to  u n d e rs ta n d " , and " e x p la in s  th in g s  b e t t e r  and does n o t w aste  tim e 
w r i t in g  down e v e ry th in g  done in  e x p e rim e n ta tio n " . The rem ain ing  s tu d e n ts  
in  th e  c o n c re te  i n s t r u c t io n  group p r e f e r r e d  a c o u rse  ta u g h t c o n c re te ly  
b eca u se  o f th e  invo lvem ent and th e  e x p e rien ce  o f  do ing  th in g s  fo r  
th e m se lv e s .
Four s tu d e n ts  in  th e  fo rm al i n s t r u c t io n  group p r e f e r r e d  a l e c tu r e  
c o u rse  b ecau se  th ey  f e l t  i t  e a s i e r  to  u n d ers tan d  when to ld  what to  know. 
The rem ain ing  s tu d e n ts  in  th e  form al in s t r u c t io n  group p r e f e r r e d  a
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la b o ra to r y  co u rse  becau se  th ey  f e l t  i t  would be  l e s s  b o r in g ,  i t  would be 
e a s i e r  to  l e a r n  by do ing  ex p erim en ts  and you le a r n  abo u t o th e r  p eo p le  as 
you le a r n  abou t th e  ex p e rim e n ts .
The re sp o n se s  made by bo th  groups to  item  n in e  w ere s im i la r .  Of 
p a r t i c u l a r  i n t e r e s t  was th e  number and c o n te n t o f  th e  re sp o n se s  o f  th e  
fo rm al in s t r u c t io n  group in  p r e f e r r in g  a  c o u rse  b ased  on la b o ra to ry  
e x p e r ie n c e  o v er a  l e c tu r e  c o u rse . The fo rm al i n s t r u c t i o n  group d id  n o t 
e x p e r ie n c e  any la b o ra to ry  w ork, y e t  t h e i r  re a so n s  fo r  p r e f e r r in g  a 
la b o ra to r y  co u rse  were s im i la r  to  th e  re sp o n se s  made by th e  c o n c re te  
i n s t r u c t i o n  group .
Item  ten  asked th e  s tu d e n ts  to  compare th e  amount o f  c o n te n t m a te r ia l  
th ey  f e l t  th ey  had le a rn e d  to  o th e r  s c ie n c e  c o u rse s  th e y  had ta k e n . Table 
6 -3  p r e s e n ts  th e  ch o ices  a v a i la b le  to  th e  s tu d e n ts  and th e  re sp o n se s  fo r  
b o th  g roups to  item  te n .
TABLE 6-3
RESPONSES TO ITEM TEN OF THE ATTITUDE OUESTIONNAIRE
R esponse C o n cre te
I n s t r u c t i o n
Formal
I n s t r u c t io n
I le a rn e d  v ery  much le s s  c o n te n t m a te r ia l  
th a n  in  my o th e r  s c ie n c e  c o u rse s . 0 3
I  le a rn e d  le s s  c o n te n t m a te r ia l  th a n  in  
my o th e r  s c ie n c e  c o u rse s . 1 3
I le a rn e d  about th e  same amount o f  c o n te n t 
m a te r ia l  as in  my o th e r  s c ie n c e  c o u rs e s . 7 5
I le a rn e d  more c o n te n t m a te r ia l  th an  in  
my o th e r  s c ie n c e  c o u rse s . 9 7
I le a rn e d  v ery  much more c o n te n t m a te r ia l  
chan in  my o th e r  sc ie n c e  c o u rs e s . 8 5
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G e n e ra l ly ,  s tu d e n ts  in  b o th  I n s t r u c t i o n a l  groups f e l t  th ey  had le a rn e d  
more c o n te n t  m a te r ia l  th a n  in  p re v io u s  s c ie n c e  c o u rs e s .  The c o n c re te  
i n s t r u c t i o n  group had on ly  one re sp o n se  in d ic a t in g  l e s s  o r  very  much
l e s s  c o n te n t  m a te r ia l  was le a rn e d  th a n  in  o th e r  s c ie n c e  c o u rse s  and th e
fo rm al i n s t r u c t io n  group had s ix  such re s p o n s e s . The c o n c re te  i n s t r u c t io n  
group had se v e n te e n  re sp o n ses  in d ic a t in g  th e y  le a rn e d  more o r  v e ry  much 
more c o n te n t  m a te r ia l  th a n  in  o th e r  s c ie n c e  c o u rse s  w h ile  th e  fo rm al 
i n s t r u c t i o n  group had tw elve  such  re s p o n s e s .
Item  e le v e n  asked th e  s tu d e n ts  to  compare th e  amount o f c o n te n t 
m a te r ia l  th e y  f e l t  th ey  had le a rn e d  to  o th e r  n o n -sc ie n c e  c o u rse s  th e y  
had ta k e n . T ab le  5-4  p re s e n ts  th e  ch o ice s  a v a i la b le  to  th e  s tu d e n ts  and
th e  re sp o n se s  fo r  bo th  groups to  item  e le v e n .
TABLE 6-4
________RESPONSES TO ITEM ELEVEN OF THE ATTITUDE QUESTIONNAIRE_______________
Response C oncre te  Form al
____________________________________________________ I n s t r u c t i o n _____ I n s t r u c t io n
I  le a rn e d  v e ry  much le s s  c o n te n t m a te r ia l
th a n  in  my o th e r  n o n -sc ie n c e  c o u rs e s .  3 5
I  le a rn e d  le s s  c o n te n t m a te r ia l  th a n  in  my
o th e r  n o n -sc ie n c e  c o u rs e s . 4 7
I  le a rn e d  abou t th e  same amount o f c o n te n t
m a te r ia l  th a n  in  my o th e r  n o n -sc ie n c e  c o u rs e s .  7 7
I  le a rn e d  more c o n te n t m a te r ia l  th a n  in  my
o th e r  n o n -sc ie n c e  c o u rs e s . 6 3
I  le a rn e d  v ery  much more c o n te n t m a te r ia l
th a n  in  my o th e r  n o n -sc ie n c e  c o u rs e s .  4 1
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The c o n c re te  in s t r u c t io n  group had seven  re sp o n se s  in d ic a t in g  l e s s  
o r  very  much l e s s  c o n te n t m a te r ia l  was le a rn e d  th a n  in  o th e r  n o n -sc ie n c e  
c o u rse s  w h ile  th e  fo rm al i n s t r u c t io n  group had tw e lv e  such re s p o n s e s . The 
c o n c re te  i n s t r u c t io n  group had te n  re sp o n se s  in d i c a t in g  more o r  v ery  
much more c o n te n t m a te r ia l  was le a rn e d  th a n  in  o th e r  n o n -sc ie n c e  co u rse s  
w h ile  th e  fo rm al i n s t r u c t io n  group had fo u r  such  re sp o n se s .
The re sp o n ses  made f o r  ite m  te n  w ere made by n in th  g rad e  s tu d e n ts  
r e f l e c t i n g  back  to  th e  p re v io u s  y e a rs  s c ie n c e  c o u rs e s .  The s tu d e n ts  w ere 
a l s o  asked  to  compare t h e i r  s c ie n c e  c o u rse s  w ith  o th e r  n in th  g rade co u rse s  
in  re sp o n d in g  to  item  e le v e n .
The q u e s t io n n a ir e  used to  e v a lu a te  th e  s tu d e n t s ' a t t i t u d e  tow ard th e  
p h y s ic a l  s c ie n c e  co u rse  was ad ap ted  from a q u e s t io n n a ire  which had 
proven  h ig h ly  s u c c e s s fu l  when a d m in is te re d  to  c o l le g e  freshm en. I t  was 
n o t p o s s ib le  to  v a l id a te  th e  q u e s t io n n a ir e  due to  th e  e x p e rim e n ta l n a tu re  
o f th e  p re s e n t  s tu d y  fo r  n in th  g rade  s tu d e n ts .  T h is  i n v e s t ig a t o r  b e l ie v e s ,  
a f t e r  e v a lu a tin g  th e  re sp o n ses  made by th e  s tu d e n t s ,  th a t  th e  v a l i d i t y  
o f th e  e n t i r e  q u e s t io n n a ir e  i s  h ig h ly  q u e s t io n a b le .  F urtherm ore  th e  
ev id en ce  su g g es ted  th a t  a c o n c re te  o p e ra t io n a l  in d iv id u a l  i s  n o t a b le  to  
e v a lu a te  h im se lf  in  term s o f  what c o n te n t he h as  le a rn e d ,  how much 
c o n te n t he has le a rn e d  and how he sh o u ld  b e s t  be ta u g h t .
CHAPTER VII
SUMMARY, RESULTS, GENERAL CONCLUSIONS AND RECOMMENDATIONS 
Summary
The r i s e  of many la b o ra to ry -c e n te r e d  s c ie n c e  c u rric u lu m  program s 
d u rin g  th e  l a s t  decade r a is e d  th e  q u e s tio n  o f  th e  e f f e c t  o f th e  in q u iry  
p ro ced u re s  used by th e s e  c u r r ic u la  on th e  le a r n e r .  S p e c i f ic a l ly  th e  
le a rn in g  cy c le  in tro d u c e d  by th e  S c ien ce  C urriculum  Improvement Study 
was e v a lu a te d  by com paring th e  in q u iry  i n s t r u c t i o n a l  te ch n iq u e  to  th e  
t r a d i t i o n a l  "show and t e l l "  i n s t r u c t i o n a l  te ch n iq u es  used  in  many 
American S choo ls . The le a rn in g  c y c le  was d e f in e d  as "C oncre te  I n s t r u c t io n "  
and th a t  in s t r u c t io n a l  p ro ced u re  gave th e  s tu d e n t a c tu a l  f i r s t  hand 
e x p e rie n c e  w ith  o b je c ts ,  ev en ts  a n d /o r  s i t u a t i o n s ,  fo r  th e  p u rp o se  o f 
a llo w in g  th e  s tu d e n t to  f in d  d a ta  which would allow  th e  te a c h e r  to  
in tro d u c e  th e  co n ce p t. When th e  concep t was in tro d u c e d  th e  le a r n e r s  had 
an ex p e rim e n ta l b a se , o r  background , t h a t  a llow ed  them to  u n d e rs tan d  
th e  meaning o f th e  c o n c e p ts ' l a b e l  which th e y  had j u s t  h ea rd  a n d /o r  
se e n . The l a s t  phase o f th e  le a rn in g  c y c le  p e rm itte d  le a r n e r s  to  d is c o v e r  
th e  u s e fu ln e s s  o f th e  co n cep t. The opposing  d id a c t i c ,  e x p o s ito ry  
i n s t r u c t i o n a l  p rocedu re  was d e f in e d  as "Form al I n s t r u c t io n "  and 
c o n s is te d  o f th e  te a c h e r  t r a n s m i t t in g  to  th e  s tu d e n t  d i r e c t l y  th e  
in fo rm a tio n  to  be le a rn e d  about th e  c o n c e p t. P rev io u s  re s e a rc h  has
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shown th a t  c o n c re te  o p e ra t io n a l  s tu d e n ts  a re  a b le  to  le a r n  concep ts  
r e q u ir e  c o n c re te  o p e r a t io n a l  th in k in g  b u t a re  s e v e re ly  l im ite d  in  t h e i r  
a b i l i t y  to  l e a m  co n cep ts  t h a t  r e q u ir e  fo rm al o p e ra t io n a l  t h i n k in g .17
The purpose o f t h i s  s tu d y  was to  in v e s t ig a t e  th e  r e la t io n s h ip s  
betw een th e  two i n s t r u c t i o n a l  p ro ced u res  and c o n te n t-a c h ie v e m e n t, 
i n t e l l e c t u a l  developm ent and le a r n e r  I .Q . when c o n c re te  o p e ra t io n a l  
s tu d e n ts  were ta u g h t c o n c re te  o p e ra t io n a l  c o n c e p ts . T h is in v e s t ig a t io n  
was conducted  to  f in d  answ ers to  th e  fo llo w in g  q u e s tio n s .  What a r e  
th e  r e la t io n s h ip s  betw een c o n c re te  i n s t r u c t io n  and fo rm al in s t r u c t io n  
m ethodo log ies and th e  co n te n t-a c h ie v e m e n t and r e te n t io n  o f g a in s  made 
in  c o n ten t-ach iev em en t of n in th  g rade p h y s ic a l  s c ie n c e  s tu d e n ts?  What 
a re  th e  r e la t io n s h ip s  betw een c o n c re te  i n s t r u c t io n  and form al i n s t r u c t io n  
m ethodo log ies and th e  i n t e l l e c t u a l  developm ent and th e  r e te n t io n  o f 
g a in s  made in  i n t e l l e c t u a l  developm ent of n in th  grade p h y s ic a l s c ie n c e  
s tu d e n ts ?  What a re  th e  r e l a t io n s h ip s  betw een c o n c re te  i n s t r u c t io n  and 
fo rm al i n s t r u c t io n  m e thodo log ies and le a r n e r  I .Q . changes o f n in th  
g rade p h y s ic a l s c ie n c e  s tu d e n ts ?
R e su lts
H ypothesis  one was t e s t e d  fo r  s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  
means o f th e  c o n te n t achievem ent e x h ib i te d  by th e  c o n c re te  in s t r u c t io n  
group and th e  fo rm al in s t r u c t io n  group fo r  each co n ten t ex am in a tio n .
Only on th e  S t a t i c  E l e c t r i c i t y  m u l t ip le  ch o ice  c o n te n t exam ination  d id  
th e  fo rm al i n s t r u c t io n  group e x h ib i t  g r e a t e r  g a in s  in  co n ten t-ach iev em en t
^ Anton E r ic  Lawson, " R e la tio n s h ip s  Between C oncrete  and Form al 
O p e ra tio n a l S c ience  S u b je c t M atte r and th e  I n t e l l e c t u a l  L evel o f th e  
L earn er"  (u n p u b lish e d  D o c to ra l d i s s e r t a t i o n ,  U n v ers ity  o f Oklahoma, 1973)
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and th a t  d i f f e r e n c e  was s ig n i f i c a n t  a t  th e  0 .10  l e v e l .  Two c o n te n t 
ex am in a tio n s  had d if f e r e n c e s  betw een  th e  means t h a t  w ere n o t  s i g n i f i c a n t  
a t  th e  0 .2 0  l e v e l ;  th o se  ex am in a tio n s  w ere Sound, m u l t ip le  ch o ice  and 
S t a t i c  E l e c t r i c i t y ,  f r e e  re s p o n s e . The rem ain ing  c o n te n t exam in a tio n s  
a l l  e x h ib i te d  d if f e r e n c e  betw een th e  means t h a t  w ere s t a t i s t i c a l l y  
s ig n i f i c a n t  a t  th e  le v e ls  shown below  in  fa v o r  o f th e  c o n c re te  i n s t r u c t io n  
g ro u p . The l e v e l  o f s ig n i f i c a n c e  fo r  each  d i f f e r e n c e  was : C u rren t
E l e c t r i c i t y ,  m u lt ip le  ch o ice  0 .0 0 0 5 , f r e e  re sp o n se  0 .0 0 5 ; L ig h t and 
O p tic s ,  m u l t ip le  ch o ice  0 .0 0 5 , f r e e  re sp o n se  0 .0 5 ; Sound, f r e e  re sp o n se  0 .0 1 ; 
M agnetism , m u l t ip le  ch o ice  0 .0 5 ,  f r e e  re sp o n se  0 .1 0 ; E lec tro m ag n e tism , 
m u l t ip le  ch o ice  0 .0 5 , f r e e  re sp o n se  0 .0 0 0 5 . The combined mean of a l l  
ex am in a tio n s  fo r  m u ltip le  ch o ice  e x h ib i te d  a s i g n i f i c a n t  d i f f e r e n c e  a t  th e  
0 .0005  and f r e e  re sp o n se  a t  th e  0 .005  l e v e l ,  b o th  in  fa v o r  o f th e  c o n c re te  
i n s t r u c t io n  group.
H ypo thesis  one was r e j e c te d  in  fa v o r  o f th e  c o n c re te  i n s t r u c t io n  
group f o r  n in e  o f th e  tw elve  c o n te n t  e x a m in a tio n s . H y p o th es is  one was 
r e je c te d  in  fa v o r  o f th e  fo rm al i n s t r u c t io n  group f o r  one o f th e  tw elv e  
c o n te n t ex am in a tio n s  and a c c e p te d  fo r  two of th e  c o n te n t e x a m in a tio n s . 
H y p o th es is  one was r e je c te d  f o r  th e  combined means o f  a l l  o f th e  
c o n te n t ex am in a tio n s  i n  fav o r o f  th e  c o n c re te  i n s t r u c t io n  g roup .
H ypo thesis  fo u r was t e s t e d  f o r  s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  
means of th e  c o n c re te  i n s t r u c t io n  group and th e  fo rm al in s t r u c t io n  
group fo r  c o n te n t p o s t-e x a m in a tio n s  w r i t t e n  ap p ro x im ate ly  th r e e  months 
fo llo w in g  th e  c o n c lu s io n  o f each  c o n te n t u n i t .  Due to  th e  h o s t i l i t y  
o f s e v e ra l  s tu d e n ts  in  th e  fo rm al i n s t r u c t io n  g ro u p , th e  c o n te n t p o s t­
exam in a tio n s  w ere only  g iven  f o r  S t a t i c  E l e c t r i c i t y ,  C u rren t E l e c t r i c i t y ,
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LighC and O p tic s  and Sound. R e su lts  o f  t - R a t io  t e s t s  e s ta b l i s h e d  th a t  
th e  l e v e l  of s ig n i f i c a n c e  fo r  a d i f f e r e n c e  betw een th e  means f o r  a l l  
fo u r m u ltip le  ch o ice  ex am in a tio n s  was 0 .0005  in  fa v o r  o f th e  c o n c re te  
i n s t r u c t io n  group. The S t a t i c  E l e c t r i c i t y  and C u rren t E l e c t r i c i t y  f r e e  
re sp o n se  ex am in a tio n  means w ere s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  0 .0005 
le v e l  in  fav o r o f th e  c o n c re te  i n s t r u c t io n  g roup . The L ig h t and O p tic s  
f r e e  re sp o n se  means w ere s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  0 .0 0 5  le v e l  and 
th e  Sound f r e e  re sp o n se  means w ere s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  0 .0 5  
l e v e l ,  bo th  in  fa v o r  o f  th e  c o n c re te  i n s t r u c t i o n  g roup . The combined 
av erag e  means o f th e  fo u r  c o n te n t p o s t-e x a m in a tio n s  showed s ig n i f i c a n t l y  
d i f f e r e n t  means in  fa v o r  of th e  c o n c re te  i n s t r u c t io n  group fo r  b o th  th e  
m u lt ip le  cho ice and f r e e  re sp o n se  ex am in a tio n s  a t  th e  0 .0005 l e v e l .  
H ypo thesis  fo u r was r e je c te d  in  fav o r o f th e  c o n c re te  i n s t r u c t i o n  group 
f o r  a l l  of th e  c o n te n t p o s t-e x a m in a tio n s . The c o n c re te  i n s t r u c t io n  
group r e ta in e d  s i g n i f i c a n t l y  g r e a te r  c o n te n t m a te r ia l  th a n  th e  fo rm al 
in s t r u c t io n  group th r e e  months fo llo w in g  th e  c o n c lu s io n  o f th e  in s t r u c t io n .
A com parison was made betw een th e  group means f o r  th e  c o n te n t 
exam in a tio n s  and th e  c o n te n t p o s t-e x a m in a tio s  f o r  each c o n te n t u n i t  fo r  
w hich d a ta  w ere a v a i la b le :  S t a t i c  E l e c t r i c i t y ,  C u rren t E l e c t r i c i t y ,
L ig h t and O p tic s , and Sound. The d a ta  f o r  S t a t i c  E l e c t r i c i t y  showed 
th e  c o n c re te  in s t r u c t io n  group means in c re a s e d  from c o n te n t exam ination  
to  c o n te n t p o s t-e x a m in a tio n  w h ile  th e  fo rm al i n s t r u c t io n  group means 
d e c re a se d .
D ata fo r  C u rren t E l e c t r i c i t y  showed b o th  th e  c o n c re te  in s t r u c t io n  group 
means and th e  fo rm al in s t r u c t io n  group means d e c re a se d  from c o n te n t
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exam ination  to  c o n te n t p o s t-e x a m in a tio n . However, th e  p o s t-e x a m in a tio n  
means o f th e  c o n c re te  i n s t r u c t i o n  group w ere h ig h e r  th a n  th e  ex am in a tio n  
means of th e  fo rm al i n s t r u c t i o n  group. The d a ta  in d ic a te d  th e  c o n c re te  
in s t r u c t io n  group r e ta in e d  more co n ten t-ach iev em en t th a n  th e  fo rm al 
in s t r u c t io n  group e x h ib i te d  im m ediate ly  fo llo w in g  th e  i n s t r u c t io n .
D ata f o r  L ig h t and O p tic s  showed bo th  th e  c o n c re te  in s t r u c t io n  group 
means and th e  fo rm al i n s t r u c t io n  group means d ec re ase d  from c o n te n t 
exam in a tio n  to  c o n te n t p o s t-e x a m in a tio n . However, th e  p o s t-e x a m in a tio n  
means o f th e  c o n c re te  i n s t r u c t i o n  group w ere ap p ro x im ate ly  th e  same le v e l  
as th e  ex am in a tio n  means o f  th e  fo rm al in s t r u c t io n  g roup . The d a ta  
in d ic a te d  th e  c o n c re te  i n s t r u c t io n  group r e ta in e d  ap p ro x im ate ly  th e  same 
le v e l  of co n te n t-a c h ie v e m e n t as th e  form al in s t r u c t io n  group e x h ib ite d  
im m ediately  fo llo w in g  th e  i n s t r u c t io n .
D ata f o r  Sound showed b o th  th e  c o n c re te  i n s t r u c t io n  group means and 
th e  form al in s t r u c t io n  group means d ec re a se d  from c o n te n t exam in a tio n  
to  c o n te n t p o s t-e x a m in a tio n . However, th e  p o s t-e x a m in a tio n  means o f 
th e  c o n c re te  in s t r u c t io n  group w ere ap p ro x im ate ly  th e  same as th e  
ex am ination  means o f th e  fo rm al i n s t r u c t io n  g roup. The d a ta  in d ic a te d  
th e  c o n c re te  i n s t r u c t io n  group r e ta in e d  ap p ro x im ate ly  th e  same le v e l  
o f c o n ten t-ach iev em en t as th e  fo rm al i n s t r u c t io n  group e x h ib i te d  
im m ediately  fo llo w in g  th e  i n s t r u c t io n .
D ata f o r  th e  combined av erag e  means o f th e  fo u r c o n te n t p o s t ­
ex am ination  s c o re s  showed b o th  th e  c o n c re te  i n s t r u c t io n  group means 
and th e  fo rm al i n s t r u c t io n  group means d ec re ase d  from c o n te n t ex am ination  
to  c o n te n t p o s t-e x a m in a tio n . However, th e  p o s t-e x a m in a tio n  means o f th e  
c o n c re te  in s t r u c t io n  group were h ig h e r  than  th e  ex am in a tio n  means of
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th e  form al i n s t r u c t io n  group. The d a ta  in d ic a te d  th e  c o n c re te  i n s t r u c t io n  
group r e ta in e d  ap p ro x im ate ly  th e  same l e v e l  o f  co n ten t-ach iev em en t 
as th e  form al in s t r u c t io n  group e x h ib i te d  im m ediate ly  fo llo w in g  th e  
in s t r u c t io n .
H ypo thesis two was te s t e d  to  d e te rm in e  th e  e f f e c t  o f i n s t r u c t io n  
method on i n t e l l e c t u a l  developm ent g a in s  made by th e  s tu d e n ts  d u rin g  
th e  ex p e rim en ta l p ro ced u re . H ypo thesis  f iv e  was t e s t e d  to  d e te rm in e  th e  
e f f e c t  o f in s t r u c t io n  method on th e  r e t e n t io n  o f g a in s  made in  i n t e l l e c t u a l  
developm ent th re e  months a f t e r  th e  c o n c lu s io n  o f  th e  ex p e rim e n ta l p o r t io n  
o f th e  s tu d y . The means o f th e  i n t e l l e c t u a l  developm ent s c o re s  as 
m easured by th e  P ia g e tia n  ta s k s  were n o t s ig n i f i c a n t l y  d i f f e r e n t  a t  th e
0 .2 0  le v e l  a t  th e  o n se t of th e  s tu d y . The co n c lu s io n  was drawn th a t  th e  
two groups d id  no t i n i t i a l l y  d i f f e r  in  term s of i n t e l l e c t u a l  developm ent, 
a lth o u g h  th e  c o n c re te  i n s t r u c t io n  group e x h ib i te d  a low er mean th a n  th e  
fo rm al in s t r u c t io n  group. The means o f th e  i n t e l l e c t u a l  developm ent 
s c o re s  were n o t s ig n i f i c a n t l y  d i f f e r e n t  a t  th e  co n c lu s io n  of th e  e x p e rim e n ta l 
p o r t io n  o f th e  s tu d y  a t  th e  0 .2 0  l e v e l ,  how ever, th e  c o n c re te  i n s t r u c t io n  
group now e x h ib ite d  a h ig h e r  mean th a n  th e  fo rm al i n s t r u c t io n  g roup .
A com parison of mean d if f e r e n c e  sco re s  i n  i n t e l l e c t u a l  developm ent of 
th e  two groups was s t a t i s t i c a l l y  d i f f e r e n t  a t  th e  0 .10  l e v e l .  The 
d a ta  f o r  p o s t - p o s t t e s t  o f i n t e l l e c t u a l  developm ent showed th a t  b o th  groups 
made s im i la r  g a in s  d u rin g  th e  th r e e  month in te r im  fo llo w in g  th e  
e x p e rim en ta l p o r t io n  o f th e  s tu d y . No s ig n i f i c a n t  d if f e r e n c e  in  th e  
means o f th e  d if f e r e n c e  sc o re s  was ev id en ced  d u rin g  th i s  p e r io d . The 
d a ta  in d ic a te d  th a t  s tu d e n ts  e x p e r ie n c in g  c o n c re te  in s t r u c t io n  e x h ib ite d  
s ig n i f i c a n t l y  g r e a te r  g a in s  in  i n t e l l e c t u a l  developm ent th a n  s tu d e n ts
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e x p e r ie n c in g  form al i n s t r u c t io n .  When s tu d e n ts  from bo th  g roups w ere 
r e tu rn e d  to  t h e i r  r e g u la r  s c ie n c e  c la s s e s  th ey  e x h ib ite d  s im i la r  g a in s  
in  i n t e l l e c t u a l  developm ent.
H y p o thesis  th re e  was t e s t e d  to  d e te rm in e  th e  e f f e c t  o f i n s t r u c t io n  
method on le a r n e r  I .Q . d u rin g  th e  e x p e rim e n ta l p ro ced u re . S co res w ere 
o b ta in e d  f o r  th e  Language, N on-language and O v e ra ll I .Q . u s in g  th e  
S h o rt Form T e s t of Academic A p ti tu d e , L e v e l  5 . At th e  o n s e t o f th e  
s tu d y  d a ta  from th e  I .Q . p r e t e s t  showed t h a t  no s ig n i f i c a n t  d i f f e r e n c e  
e x i s t e d  betw een th e  c o n c re te  i n s t r u c t io n  group and th e  fo rm al i n s t r u c t io n  
group on any o f th e  th r e e  I .Q . s c o re s .  At th e  co n c lu sio n  o f  th e  
e x p e rim e n ta l p o r t io n  o f th e  s tu d y  th e  s tu d e n ts  were g iven  th e  same 
in s tru m e n t as a p o s t t e s t .  The d a ta  d id  n o t show any s ig n i f i c a n t  
d i f f e r e n c e s  in  I .Q . betw een th e  means o f th e  two in s t r u c t io n  g ro u p s .
Mean d if f e r e n c e  sc o re s  were th e n  c a lc u la te d  and te s t e d  fo r  s ig n i f ic a n c e  
u s in g  th e  t - R a t io  t e s t .  No s i g n i f i c a n t  d i f f e r e n c e s  were found in  th e  
mean d if f e r e n c e  sc o re s  fo r  th e  Language and th e  O v e ra ll I .Q . s ,  how ever, 
a  d i f f e r e n c e  was found in  th e  mean d if f e r e n c e  sc o re s  fo r  th e  Non­
language p o r t io n  in  fa v o r  o f th e  c o n c re te  i n s t r u c t io n  group a t  th e
0 .10  le v e l  o f s ig n i f i c a n c e .
An a t t i t u d e  q u e s t io n n a ire  was a d m in is te re d  to  each s tu d e n t  on th e  
l a s t  day o f  th e  ex p e rim e n ta l p o r t io n  o f th e  s tu d y . The s tu d e n ts  were 
asked  to  e v a lu a te  t h e i r  f e e l in g s  about th e  c o u rse . The re sp o n ses  of
IS s i iz a b e th  T. S u l l iv a n ,  W il l i s  W. C la rk  and E rn e s t W. T e ig s , S hort 
Form T e s t o f Academic A p ti tu d e , L evel 5 (M onterey, C a l i f o r n ia :  CTB/
M cG raw-H ill, 1970).
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th e  s tu d e n ts  in d ic a te d  t h a t  n in th  g rade  s tu d e n t s ,  who were p r im a r i ly  
c o n c re te  o p e r a t io n a l ,  were n o t a b le  to  e v a lu a te  th e  i n s t r u c t io n  method 
th e y  have e x p e rie n c e d . T h is  in v e s t ig a to r  b e l ie v e s  t h a t  such e v a lu a tio n s  
cou ld  n o t be made by c o n c re te  o p e ra t io n a l  th in k e r s  u s in g  th e  a t t i t u d e  
q u e s t io n n a ire  u t i l i z e d  in  t h i s  s tu d y .
G eneral C onclusions
The c o n c lu s io n s  drawn by th i s  s tu d y  in d ic a te  th a t  a change from 
th e  t r a d i t i o n a l ,  d id a c t ic  "Form al I n s t r u c t io n "  method o f te a c h in g  to  
th e  in q u i ry ,  "C oncre te  I n s t r u c t io n "  method o f  te a c h in g  i s  c e r t a in l y  
j u s t i f i e d  fo r  th e  c o n c re te  o p e ra t io n a l  s c ie n c e  s tu d e n t .  Indeed  such 
a change i s  im p e ra tiv e  fo r  th e  te a c h e r  a n d /o r a d m in is t r a to r  concerned  
w ith  th e  q u a l i ty  o f  sc ie n c e  e d u c a tio n  th e  s tu d e n ts  r e c e iv e .  The 
s t r i k i n g  g a in s  in  co n ten t-ach iev em en t and th e  r e te n t io n  of th e s e  g a in s  
made by th e  group e x p e rie n c in g  c o n c re te  i n s t r u c t io n  o v e r th e  group 
ex p eren c in g  form al in s t r u c t io n  s tro n g ly  in d ic a te  th a t  a c tu a l  f i r s t  hand 
e x p e rie n c e  w ith  o b je c t s ,  s i tu a t io n s  a n d /o r  e v e n ts  b u i ld s  th e  m en ta l 
s t r u c t u r e s  n e c e ssa ry  to  fu n c tio n  w ith  a s c ie n c e  co n ce p t.
The g r e a te r  g a in s  made in  i n t e l l e c t u a l  developm ent by th e  c o n c re te  
in s t r u c t io n  group over th e  form al i n s t r u c t io n  group d u rin g  th e  e x p e rim e n ta l 
p ro ced u re  in d ic a te  th a t  th e  co n c re te  i n s t r u c t io n  te c h n iq u e  i s  s u p e r io r  
to  th e  form al in s t r u c t io n  te ch n iq u e  in  prom oting  i n t e l l e c t u a l  developm ent 
f o r  th e  c o n c re te  o p e ra t io n a l  s tu d e n t .  The im p lic a tio n  fo r  e d u c a to rs  
concerned  w ith  prom oting i n t e l l e c t u a l  developm ent in  s tu d e n ts  i s  th a t  
th e  a c tu a l  f i r s t  hand e x p e rien ce  of c o n c re te  in s t r u c t io n  shou ld  re p la c e  
form al in s t r u c t io n  te c h n iq u e s  where th ey  a re  c u r r e n t ly  b e in g  u sed .
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Recommendations
F u r th e r  re s e a rc h  needs to  be done to  ex ten d  th e  f in d in g s  o f t h i s  
s tu d y  to  o th e r  s c ie n c e  c o n c e p ts . A d d itio n a l r e s e a rc h  i s  needed to  
d e te rm in e  w hether th e  f in d in g s  o f t h i s  s tu d y  a re  a p p l ic a b le  to  s tu d e n ts  
o u ts id e  th e  socio-econom ic c l a s s ,  dem ographic ra n g e , i n t e l l e c t u a l  
developm ent range and I .Q . range  as th e  s tu d e n ts  who p a r t i c ip a te d  in  
t h i s  s tu d y .
The p r o b a b i l i ty  o f com m itting Type I I  e r r o r  in  t h i s  in v e s t ig a t io n  
was c o n t ro l le d  by th e  s i z e  o f th e  sam ple. An in c re a s e  in  th e  sample 
s i z e  would r e s u l t  in  a d e c re a se  in  th e  p r o b a b i l i ty  o f com m itting such 
e r r o r . Due Co Che stro n g  educaC ional im p lic a t io n s  ev id en ced  by t h is  
r e se a r c h , a d d it io n a l  in v e s t ig a t io n s  need to  be conducted  u t i l i z i n g  
l a r g e r  sam ples.
In  t h i s  s tudy  th e  same co n cep ts  w ere used  w ith  b o th  i n s t r u c t io n  
g ro u p s . The form al i n s t r u c t io n  g roup , how ever, e x p e rie n c e d  th e  u su a l 
fo rm al language a s s o c ia te d  w ith  such co n cep ts  as e l e c t r i c a l  c u r r e n t .  Did 
th e  u se  o f  th e  fo rm al language  make an o th e rw ise  c o n c re te  concep t a fo rm al 
concep t? Were th e  r e s u l t s  o f  t h i s  s tu d y  o b ta in e d  b ecau se  of th e  
p re v io u s ly  known f a c t  t h a t  c o n c re te  le a r n e r s  cannot l e a m  fo rm al concep ts?  
I s  te a c h in g  a c o n c re te  concep t fo rm a lly  p o s s ib le ,  o r  do a l l  c o n c re te  
concep ts  become form al when ta u g h t fo rm ally ?  I f  th e  l a t t e r  q u e s tio n  
i s  answ ered a f f i r m a t iv e ly  i t  has profound im p lic a t io n s  f o r  anyone 
te a c h in g  c o n c re te  o p e ra t io n a l  th in k e r s ;  any type  o f  e x p o s it io n  on any 
to p ic  i s  ru le d  ou t b ecau se  th e  concep t b e in g  ta lk e d  abou t has im m ediately  
become fo rm al. Such to p ic s  need re s e a rc h .
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PHYSICAL SCIENCE * * * STATIC ELECTRICITY *_* * NAME________
NOBLE HIOI SCHOOL * * * MR. SCHNEIDER * * * MULTIPLE CHOICE
C irc le  th e  l e t t e r  o f th e  word o r  p h ra se  w hich b e s t  answ ers th e  fo llo w in g  
q u e s t io n s .  Then w r i te  a  p a rag rap h  e x p la in in g  why you chose your answ er.
1 . Two p ie c e s  o f ta p e  can be charged  w ith  o p p o s ite  ch a rg es  by f i r s t  
s t i c k in g  th e  f ro n t  o f one to  th e  back o f  th e  o th e r ,  th e n  p u l l in g  them 
a p a r t  r a p id ly .  (See d iag ram .) D is re g a rd in g  th e  e f f e c t  o f th e  g lu e , how 
w i l l  one o f  th e se  p ie c e s  behave in  th e  fo llo w in g  s i tu a t io n ?
(a ) I t  w i l l  r e p e l  th e  second p ie c e  o f ta p e  and a t t r a c t  a t h i r d  n e u t r a l  
p ie c e  o f ta p e .
(b) I t  w i l l  a t t r a c t  th e  second p ie c e  o f  ta p e  and a t t r a c t  a t h i r d  n e u t r a l  
p ie c e  o f ta p e .
(c ) I t  w i l l  re p e l th e  second p ie c e  of ta p e  and re p e l  a t h i r d  n e u t r a l  
p ie c e  o f ta p e .
(d) I t  w i l l  a t t r a c t  th e  second p ie ce  o f ta p e  and r e p e l  a t h i r d  n e u t r a l  
p ie c e  o f ta p e .
2 . Which o f  th e  fo llo w in g  s ta te m e n ts  e x p la in s  why th e  le a v e s  o f a charged 
e le c tro s c o p e  sp read?
(a) They a re  a t t r a c t e d  to  th e  s id e s  o f th e  e le c tro s c o p e .
(b) The e le c tro s c o p e  i s  grounded.
(c ) The l i k e  charges on each l e a f  r e p e l .
(d) E l e c t r i c i t y  in f lu e n c e s  g r a v i ty  in s id e  th e  e le c t ro s c o p e .
-9 9 -
PHYSICAL SCIENCE * * * STATIC ELECTRICITY * * * PAGE TWO
3. Which o f th e  fo llo w in g  ev id en ce  in d ic a te s  t h a t  s t a t i c  e l e c t r i c i t y  
i s  a  form of energy?
(a) P iec es  o f n y lon  c lo th  w i l l  s t i c k  to g e th e r .
(b) The leav es  of an e le c tro s c o p e  w i l l  s ta n d  a p a r t .
(c) N e ith e r  (a) o r  ( b ) .
(d) Both (a) and ( b ) .
4 . Which o f th e  fo llo w in g  ty p e s  o f  m a te r ia ls  would make good in s u la t in g  
m a te r ia ls  ?
(a) M a te r ia ls  t h a t  w i l l  a llow  e l e c t r i c  charge to  move a long  them e a s i l y .
(b) M a te r ia ls  th a t  are  ab le  to  become e a s i l y  charged  a lth o u g h  th e y  are  
grounded.
(c) N e ith e r  (a) o r  ( b ) .
(d) Both (a) and ( b ) .
5 . Which o f  th e  fo llo w in g  s ta te m e n ts  e x p la in s  how a charged  e le c tro s c o p e
i s  d isc h a rg e d  by grounding  i t  w ith  y o u r f in g e r?
(a) Your body i s  a  good con d u cto r and w i l l  d i s s ip a t e  th e  e l e c t r i c i t y  to  
th e  a i r  e a s i e r  than  th e  e le c tro s c o p e  knob.
(b) Your body a c ts  as a la rg e  so u rc e  o f  e l e c t r i c i t y  and allow s th e  sm a ll 
amount on th e  e le c tro s c o p e  to  move in  and out e a s i l y .
(c) The e le c tro s c o p e  i s  s e n s i t i v e  to  th e  m inute amounts o f p re s s u re  
p ro v id ed  by your body.
(d) The e le c tro s c o p e  w i l l  respond  to  m inute te m p e ra tu re  changes p ro v id ed  
by your body.
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6 . Which o f th e  fo llo w in g  s ta te m e n ts  e x p la in s  why you a re  u n ab le  to  
ground a  p o s i t i v e ly  charged  e le c tro s c o p e  w ith  a g la s s  rod?
(a) A g la s s  rod w i l l  n o t h o ld  a  p o s i t i v e  ch a rg e .
(b) A g la s s  rod  w i l l  no t h o ld  a  n e g a t iv e  charge .
(c ) A g la s s  rod w i l l  n o t a llow  a p o s i t i v e  charge  to  move on i t .
(d) A g la s s  rod w i l l  n o t a t t r a c t  th e  knob o f a  p o s i t i v e ly  charged
e le c t ro s c o p e .
7. A g la s s  rod  can b e  g iven  a  charge by rubb ing  i t  w ith  s i l k  c lo th .  
Which o f  th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  th e  g la s s  rod  and th e
s i lk ?
(a) The e l e c t r i c  charge on th e  g la s s  rod  comes from th e  ground r a th e r  
th a n  th e  s i l k .
(b) The g la s s  rod i s  charged  b u t th e  s i l k  does n o t a c q u ire  an e l e c t r i c  
c h a rg e .
(c) The g la s s  rod and th e  s i l k  b o th  a c q u ire  th e  same e l e c t r i c  ch a rg e .
(d) The s i l k  a c q u ire s  th e  o p p o s ite  e l e c t r i c  charge  as th e  g la s s  ro d .
8 . A charged  o b je c t w i l l  a t t r a c t  sm a ll p ie c e s  o f  p a p e r . However, i f  
you w ipe th e  o b je c t w ith  yo u r b a re  h an d , i t  w i l l  no lo n g e r  a t t r a c t  th e  
p ie c e s  o f  p ap e r. Which o f th e  fo llo w in g  s ta te m e n ts  b e s t  e x p la in s  t h i s  
a p p a re n t lo s s  o f e l e c t r i c  charge?
(a ) Your hand sp read s  ou t th e  charge over th e  e n t i r e  rod  th u s  w eakening 
i t s  a f f e c t .
(b ) Rubbing your hand o v er th e  rod  g iv e s  i t  th e  o p p o s ite  charge as i t  
o r ig i n a l l y  p o sse sse d .
(c ) You hand has no n o t i c ib l e  a f f e c t  on th e  charge on th e  ro d .
(d) Your hand n e u t r a l i z e s  th e  charge on th e  ro d  by g round ing  i t .
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9 . You b r in g  an o b je c t  n e a r  th e  knob o f  a  ch arg ed  e le c tro s c o p e  and 
th e  le a v e s  o f  th e  e le c tro s c o p e  a re  sp re a d  even f a r t h e r .  Which o f  th e  
fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  w hat w ould happen to  th e  le a v e s  o f 
th e  e le c tro s c o p e  i f  you w ere th e n  to  touch  th e  knob w ith  th e  o b je c t?
(a) The le av es  o f  th e  e le c tro s c o p e  w ould r e tu r n  to  t h e i r  o r ig in a l  
p o s i t io n .
(b) The le a v e s  o f th e  e le c tro s c o p e  would c o l la p s e .
(c) The le a v e s  o f  th e  e le c tro s c o p e  would rem ain  sp re a d  a t  th e  f a r t h e s t  
p o s i t io n .
(d) Not enough in fo rm a tio n  i s  known abou t th e  o b je c t  to  p r e d ic t  what th e  
le a v e s  o f th e  e le c tro s c o p e  would do.
10 . L ig ^ t m a te r ia ls  w i l l  be a t t r a c t e d  to  a charged  o b je c t w he th er o r n o t 
th e y  a re  ch arg ed . Which o f th e  fo llo w in g  t e s t s  w i l l  allow  you to  d e term ine  
w hether o r  n o t th e s e  l i g h t  m a te r ia ls  have an e l e c t r i c  charge?
(a) C ontinue t e s t i n g  u s in g  th e  same charged  o b je c t  to  d e term ine  i t s
r e a c t io n  w ith  th e  m a te r ia ls .
(b) T e s t th e  r e a c t io n  o f th e  m a te r ia ls  t o  a n o th e r  o b je c t  w ith  th e  same 
charge as th e  f i r s t  o b je c t .
(c) T e s t th e  r e a c t io n  o f  th e  m a te r ia ls  to  a n o th e r  o b je c t  w ith  th e  o p p o s ite  
charge as th e  f i r s t  o b je c t .
(d) Use o th e r  s im i la r  m a te r ia ls  to  t e s t  f o r  a r e a c t io n  betw een them and
th e  o r ig in a l  charged  rod .
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Answer th e  fo llo w in g  q u e s tio n s  in  com plete s e n te n c e s . Be as com plete 
in  your answ ers as p o s s ib le .
1 . When you rub a b a llo o n  w ith  a  p ie c e  o f s i l k  m a te r ia l  i t  w i l l  become 
ch a rg ed . I t  i s  th en  p o s s ib le  to  s t i c k  th e  b a llo o n  to  a  w a ll  w ith o u t 
u s in g  any o th e r  means o f su p p o r t.  E x p la in  how t h i s  i s  p ro o f  th a t  s t a t i c  
e l e c t r i c i t y  i s  a  form of en e rg y .
2 . What i s  th e  d if f e re n c e  betw een m a te r ia ls  t h a t  a re  good conducto rs  and 
m a te r ia ls  th a t  a re  good in s u la to r s ?
Give as many exam ples as you can of m a te r ia ls  th a t  a re  good c o n d u c to rs .
Give as many exam ples as you can o f m a te r ia ls  th a t  a re  good i n s u l a to r s .
3. An e le c tro s c o p e  i s  an in s tru m e n t t h a t  w i l l  d e te c t  an e l e c t r i c  c h a rg e . 
The le a v e s  o f an e le c tro sc o p e  w i l l  behave th e  same in  th e  p re sen ce  o f b o th  
a p o s i t i v e  and a n e g a tiv e  ch a rg e . E x p la in  what causes th e  le a v e s  o f th e  
e le c tro s c o p e  to  sp read .
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4 . An e le c tro s c o p e  i s  charged  w ith  a p o s i t iv e  charge  u s in g  a g la s s  
ro d . E x p la in  what w i l l  happen to  th e  le a v e s  of th e  e le c tro s c o p e  i n  each 
o f th e  fo llo w in g  s i t u a t i o n s .
(a) A second charged  p o s i t i v e  g la s s  rod  i s  b ro u g h t n e a r  th e  knob.
(b) A charged  n e g a t iv e  ru b b e r rod i s  b ro u g h t n e a r  th e  knob,
(c) A n e u t r a l  g la s s  rod  i s  b ro u g h t n e a r  th e  knob.
(d) A n e u t r a l  rubber rod i s  touched to  the knob.
(e) A charged  p o s i t iv e  g la s s  rod i s  touched  to  th e  knob and th e n  removed 
from  th e  e le c tro s c o p e .
5 . One way to  p-'scharge an e le c tro s c o p e  i s  to  to u ch  i t  w ith  you r f in g e r .  
S c i e n t i s t s  someclmes c a l l  d is c h a rg in g  an e le c tro s c o p e  'g r o u n d in g '.
E x p la in  what w i l l  happen in  th e  fo llo w in g  s i t u a t i o n s .
(a) You touch  th e  knob o f a charged  e le c tro s c o p e  w ith  a t a b le  k n if e  
w h ile  h o ld in g  th e  o th e r  end in  your hand.
(b) You to u ch  th e  knob o f a charged e le c tro s c o p e  w ith  a p ie c e  o f  p a p e r  
w h ile  h o ld in g  th e  o th e r  end o f th e  p a p e r in  you r hand.
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C ir c le  th e  l e t t e r  of th e  word o r  p h ra se  w hich b e s t  answ ers th e  fo llo w in g  
q u e s tio n s .  Then w r i te  an e x p la n a tio n  u s in g  com plete se n te n c e s  t e l l i n g  
why you chose your answ er.
1 . From th e  draw ings below  s e l e c t  th e  one th a t  w i l l  n o t a llo w  an e l e c t r i c  
c u r r e n t  to  l i g h t  th e  b u lb .
2 . In  which o f th e  fo llo w in g  ways i s  a d ry  c e l l  d i f f e r e n t  from  a wet c e l l?
(a) The number o f e le c t r o d e s  o r  p o le s .
(b) The p a th  o f th e  flow  o f e l e c t r i c i t y .
(c) The e l e c t r i c  c u r re n t  th a t  i s  p ro d u ced .
(d) The m a te r ia ls  u sed  in  c o n s tru c t io n .
3. Adding dry c e l l s  in  s e r i e s  to  a c i r c u i t  changes th e  c i r c u i t .  Which 
o f th e  fo llo w in g  s ta te m e n ts  e x p la in s  how th e  c i r c u i t  i s  changed?
(a) The r e s is ta n c e  o f  th e  c i r c u i t  in c r e a s e s .
(b) The v o lta g e  i n  th e  c i r c u i t  d e c re a s e s .
(c) More c u r re n t  flow s in  th e  c i r c u i t .
(d) There i s  le s s  r e s is ta n c e  in  th e  c i r c u i t .
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4 . Adding more r e s i s ta n c e s  in  s e r i e s  to  a c i r c u i t  w i l l  change th e  c i r c u i t .  
Which o f th e  fo llo w in g  s ta te m e n ts  e x p la in s  how th e  c i r c u i t  i s  changed?
(a) The v o lta g e  o f  th e  c i r c u i t  in c r e a s e s .
(b) L ess c u r re n t  flow s in  th e  c i r c u i t .
(c ) The v o lta g e  o f  th e  c i r c u i t  d e c re a se s .
(d) T here  i s  no change in  th e  amount o f c u r r e n t  in  th e  c i r c u i t .
5 . Which o f  th e  fo llo w in g  s ta te m e n ts  e x p la in s  why th e r e  must b e  two 
c o n n e c tio n s  to  a d ry  c e l l  to  produce an e l e c t r i c a l  c u r re n t?
(a ) Two w ire s  p ro v id e  more e l e c t r i c i t y  th a n  one and th a t  much i s  r e q u ir e d .
(b) E l e c t r i c i t y  moves a lo n g  a p a th  from one p o le  o f  a  dry c e l l  to  th e  
o th e r  p o le .
(c) N e ith e r  (a) o r  ( b ) .
(d) Both (a) and ( b ) .
6 . Which o f th e  fo llo w in g  s ta te m e n ts  e x p la in s  how adding  more dry  c e l l s  
in  p a r a l l e l  to  a c i r c u i t  a f f e c t s  th e  c i r c u i t ?
(a ) The t o t a l  c u r re n t  in  th e  c i r c u i t  in c r e a s e s .
(b) The t o t a l  c u r re n t  mains u n a f fe c te d  in  th e  c i r c u i t .
(c) The t o t a l  c u r re n t  in  th e  c i r c u i t  d e c re a s e s .
(d) T here  i s  n o t enough in fo rm a tio n  g iven  to  d e te rm in e  th e  a f f e c t  on th e  
c u r r e n t .
7. Which o f  th e  fo llo w in g  s ta te m e n ts  e x p la in s  how adding  more r e s is ta n c e s  
in  p a r a l l e l  to  a c i r c u i t  a f f e c t s  the  c i r c u i t ?
(a) The r e s is ta n c e s  w i l l  a llow  more t o t a l  c u r re n t  i n  th e  c i r c u i t .
(b) The r e s i s ta n c e s  w i l l  n o t cause any change in  th e  t o t a l  c u r re n t  in  th e
c i r c u i t .
(c) The r e s i s ta n c e s  w i l l  cause  le s s  t o t a l  c u r r e n t  in  th e  c i r c u i t .
(d) T here i s  n o t enough in fo rm a tio n  g iven  to  d e te rm in e  th e  a f f e c t  o f th e
r e s i s ta n c e s  on th e  c u r r e n t .
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8. Which o f th e  fo llo w in g  s ta te m e n ts  e x p la in s  how a sw itc h  m ust be  
p la c e d  in  a s e r i e s  c i r c u i t  to  be f u n c t io n a l ly  o p e ra t iv e .
(a) The p lacem ent o f th e  sw itch  in  th e  c i r c u i t  makes no d i f f e r e n c e .
(b) The sw itch  w i l l  o p e ra te  a t  some p o s i t io n s  b u t n o t a t  o th e r  p o s i t io n s .
(c) The sw itch  must be p la c e d  as c lo se  to  th e  power so u rce  as p o s s ib le ,
(d) The sw itch  must be p la c e d  as c lo se  to  one o f  th e  r e s i s ta n c e s  as
p o s s ib le .
9 .  Which o f  th e  fo llo w in g  b e s t  d e s c r ib e s  w hat a  sw itc h  does in  a  c i r c u i t ?
(a) A sw itch  d e c re a se s  th e  t o t a l  amount o f  c u r r e n t  in  th e  c i r c u i t .
(b) A sw itch  s to p s  th e  flow  o f c u r re n t  in  a c i r c u i t .
(c) A sw itch  d e c re a se s  th e  r e s is ta n c e  o f a  c i r c u i t .
(d) A sw itch  in c re a s e s  th e  flow o f c u r r e n t  in  a c i r c u i t .
10 . Which of th e  fo llo w in g  s ta te m e n ts  e x p la in s  what happens when a wet 
c e l l  ' runs down’ ?
(a) The anode appears to  d is s o lv e  i n  th e  s o lu t io n .
(b) The cathode appears  to  d is s o lv e  in  th e  s o lu t io n .
(c) Both th e  anode and th e  cathode ap p ea r to  d is s o lv e  in  th e  s o lu t io n .
(d) The s o lu t io n  g iv e s  up a l l  th e  e l e c t r i c i t y  i t  c o n ta in e d .
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Answer th e  fo llo w in g  u s in g  com plete s e n te n c e s .  Be as com plete i n  your 
answ er as p o s s ib le .
1 . What i s  th e  fu n c tio n  o f  a sw itc h  i n  an e l e c t r i c a l  c i r c u i t ?  In c lu d e  
in  your d is c u s s io n  how a sw itch  p erfo rm s i t s  fu n c tio n  and how i t  may 
be connected  in  a  c i r c u i t .
2 . Below i s  a draw ing of an e l e c t r i c a l  c i r c u i t .
(a) I f  p o s s ib le  p u t an *A' in  th e  c i r c u i t  a t  a p o s i t io n  where a  sw itch
would c o n t ro l  a l l  th r e e  lamps in  th e  c i r c u i t .  I f  t h i s  i s  n o t p o s s ib le
e x p la in  why.
(b) I f  p o s s ib le  pu t a 'B ' in  the  c i r c u i t  a t  a p o s i t io n  th a t  would c o n tro l
lamp #2 o n ly . I f  t h i s  i s  n o t p o s s ib le  e x p la in  why.
(c) I f  p o s s ib le  p u t a  'C ' in  th e  c in rcu it a t  a p o s i t io n  th a t  would c o n tro l
lamps #1 and #3 o n ly . I f  t h i s  i s  n o t p o s s ib le  e x p la in  why.
E x p lan a tio n s  ( i f  n e c e s s a r y ) :
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3. E x p la in  what happens to  th e  t o t a l  c u r r e n t  o f  a s e r i e s  c i r c u i t  as 
a d d i t io n a l  r e s i s ta n c e  i s  added to  th e  c i r c u i t  w h ile  th e  v o lta g e  i s  k ep t 
c o n s ta n t .
4 . E x p la in  what happens to  th e  amount o f  c u r r e n t  s u p p lie d  by each dry 
c e l l  as a d d i t io n a l  dry  c e l l s  a re  added in  p a r a l l e l  to  a  c i r c u i t  w h ile  
th e  r e s is ta n c e  i s  k e p t c o n s ta n t .
5 . E x p la in  why two c o n ta c ts  to  a dry  c e l l  a re  r e q u ire d  to  p ro v id e  
e l e c t r i c a l  c u r re n t  in  a c i r c u i t .
6. (a) E xpla in  how a wet c e l l  i s  d i f f e r e n t  from a dry c e l l .
(b) E x p la in  hew a wet c e l l  i s  s im i la r  to  a  d ry  c e l l .
7. E xp la in  what happens when an e l e c t r i c a l  c e l l  ' runs down*
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C irc le  th e  l e t t e r  o f th e  p h ra se  t h a t  b e s t  answ ers each o f th e  fo llo w in g  
q u e s t io n s .  Then w r ite  a p arag rap h  e x p la in in g  why you chose yo u r answ er.
1 . Which o f th e  fo llo w in g  s ta te m e n ts  g iv e s  ev idence  th a t  l i g h t  t r a v e l s  
in  s t r a i g h t  l in e s ?
(a) The p a th  o f th e  sun a c ro ss  th e  sky each  day i s  a  s t r a i g h t  l i n e .
(b) The a n c ie n t Greeks th o u g h t l i g h t  ray s  o r ig in a te d  in  th e  ey e .
(c ) A sim ple  p in h o le  camera w i l l  a llow  l i g h t  to  form an im age on
th e  f i lm .
(d) I t  i s  p o s s ib le  to  see  on a  cloudy day when th e  sun i s  n o t  v i s i b l e .
2 . The fo llo w in g  diagram  shows a m ir ro r  and a ray  of l i g h t  s t r i k i n g  
th e  m ir ro r .
Which o f  th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  what happens to  th e
ray  o f  l ig h t?
(a) The ray  i s  r e f le c te d  on th e  o p p o s ite  s id e  o f  th e  norm al a t  th e
same ang le  as i t  e n te re d  th e  m ir ro r .
(b) The ra y  i s  r e f le c te d  on th e  same s id e  of th e  norm al a lo n g  th e
same p a th  as i t  e n te re d  th e  m ir ro r .
(c) The ra y  i s  absorbed  by th e  m ir ro r  a t  th e  norm al and r e f l e c t e d
from a n o th e r  p o in t on th e  m ir ro r .
(d) P a r t  o f  th e  ray co n tin u es  th rough  th e  m ir ro r  to  form a r e f l e c t i o n
beh ind  th e  m irro r .
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3. The image o f  an o b je c t  produced  by a p la n e  m ir ro r  i s  c a l le d  a 
v i r t u a l  image b ecau se  th e  l i g h t  ray s  do n o t pass th rough  th e  apparen t 
p o s i t io n  of th e  im age. Which o f  th e  fo llo w in g  s ta te m e n ts  does n o t 
d e s c r ib e  th e  image produced  by a  p lan e  m irro r?
(a) The image appears to  b e  re v e rs e d  from  r ig h t  to  l e f t .
(b) The image appears to  be as f a r  b eh in d  th e  m ir ro r  as th e  o b je c t i s
in  f ro n t  o f  th e  m ir ro r .
(c) The image appears to  b e  th e  same s i z e  as th e  o b je c t .
(d) The image appears to  be in v e r te d  from  top to  bo ttom .
4 . R e f ra c tio n  i s  th e  bend ing  o f  l i g h t  as i t  p a s se s  from one t r a n s p a re n t  
medium to  a n o th e r . Which o f  th e  fo llo w in g  s ta te m e n ts  d e s c r ib e  th e  
r e f r a c t io n  o f  l i g h t  as i t  goes from a i r  to  w ate r?
(a) The angle of r e f r a c t io n  in c re a s e s  as th e  ang le  of in c id e n c e  
in c r e a s e s .
(b) The ang le o f r e f r a c t io n  i s  always l a r g e r  th a n  th e  ang le  o f in c id e n c e ,
(c) T o ta l  i n t e r n a l  r e f l e c t i o n  from a i r  to  w a te r  i s  p o s s ib le  when the 
ang le  o f  in c id e n c e  i s  la r g e .
(d) The l i g h t  ray s  a re  b e n t away from th e  norm al.
5 . A convex le n s  uses th e  p ro p e r ty  of r e f r a c t io n  to  c o n t ro l  l i g h t .
Which o f th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  th e  fo c a l le n g th  o f
th e  le n s?
(a) The fo c a l  le n g th  on th e  s id e  o f th e  le n s  tow ard th e  o b je c t  i s
lo n g e r th a n  th e  fo c a l  le n g th  o f th e  s id e  tow ard th e  im age.
(b) The fo c a l  le n g th  o f th e  s id e  o f th e  le n s  tow ard th e  image is
lo n g e r th a n  th e  f o c a l  le n g th  o f th e  s id e  tow ard th e  o b je c t .
(c) The fo c a l  le n g th  o f th e  le n s  i s  always th e  same on b o th  s id e s  of 
th e  l e n s .
(d) There i s  n o t enough in fo rm a tio n  g iv en  to  d e term ine  th e  r e l a t iv e  
le n g th s  o f  th e  two fo c a l  le n g th  o f th e  le n s .
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6 . A convex le n s  p roduces a  r e a l  image b ecau se  th e  l i g h t  ra y s  o f  th e  
o b je c t  a c tu a l ly  p ass  th rough  th e  im age. Which o f  th e  fo llo w in g  
s ta te m e n ts  b e s t  d e s c r ib e  th e  image produced  when th e  o b je c t  i s  o u ts id e  
th e  fo c a l  le n g th ?
(a) The r e a l  image i s  always s m a lle r  th a n  th e  o b je c t .
(b) The r e a l  image i s  always l a r g e r  th a n  th e  o b je c t .
(c) The r e a l  image i s  alw ays r ig h t  s id e  up.
(d) The r e a l  image i s  always in v e r te d .
7 . A convex le n s  w i l l  p roduce a  v i r t u a l  image when th e  o b je c t  i s  in s id e  
th e  fo c a l  le n g th .  Which o f th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  
th e  image produced?
(a) The v i r t u a l  image i s  l a r g e r  th an  th e  o b je c t  and r i g h t  s id e  up .
(b) The v i r t u a l  image i s  l a r g e r  th an  th e  o b je c t  and in v e r te d .
(c) The v i r t u a l  image i s  s m a lle r  than  th e  o b je c t  and r i g h t  s id e  up.
(d) The v i r t u a l  image i s  s m a l le r  than  th e  o b je c t  and in v e r te d .
8 . W hite l i g h t  i s  composed of th r e e  p rim ary  c o lo r s :  r e d ,  g re e n , and
b lu e .  Which o f th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  how b la c k  i s  
formed?
(a) B lack i s  formed by th e  a d d i t io n  o f re d , b lu e  and g reen .
(b) B lack i s  formed by th e  s u b t r a c t io n  o f re d , b lu e  and g re e n .
(c) B lack i s  formed by th e  a d d i t io n  o f r e d ,  b lu e  and y e llo w .
(d) B lack i s  formed by th e  s u b t r a c t io n  o f re d , b lu e  and y e llo w .
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9 . An o b je c t  appears g reen  when viewed u n d er w h ite  l i g h t .  Which o f 
th e  fo llo w in g  s ta te m e n ts  d e s c r ib e s  th e  c o lo r  th e  o b je c t  w i l l  appear 
under b lu e  l ig h t?
(a ) B lue l i g h t  w i l l  cau se  th e  o b je c t to  a p p e a r  b lu e .
(b) The o b je c t  w i l l  ap p ea r b la c k  when viewed un d er b lu e  l i g h t .
(c) B lue l i g h t  w i l l  cause  th e  o b je c t to  ap p e a r g re e n .
(d) The o b je c t  w i l l  ap p ea r yellow  when view ed u n d er b lu e  l i g h t .
10. Modem c o lo r  t e l e v i s i o n  i s  produced by th r e e  e l e c t r i c  c i r c u i t s .  
Each c i r c u i t  p roduces a  d i f f e r e n t  c o lo r :  r e d ,  g reen  and b lu e .
Suppose t h a t  th e  c i r c u i t  th a t  produces b lu e  on th e  s c re e n  f a i l s ,  b u t 
th e  r e s t  o f th e  t e l e v i s i o n  r e c e iv e r  o p e ra te s  n o rm a lly . Which of th e  
fo llo w in g  s ta te m e n ts  d e s c r ib e s  how a b la c k  and w h ite  p ic tu r e  b ro a d c a s t 
from th e  t e l e v i s io n  s t a t i o n  would appear on such  a t e l e v i s i o n  re c e iv e r?
(a)
(b)
( c )
(d)
The p ic tu r e  would appear b la c k  and re d .
The p ic tu r e  would appear b la c k  and g re e n .
The p ic tu r e  would appear b la c k  and y e llo w .
The p ic tu r e  would ap p ea r b la c k  and b lu e .
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1 . (a ) Suppose you lo o k  a t  an o b je c t  such  as a p e n c i l .  You see  
i t  b eca u se  l i g h t  t r a v e l s  in  a s t r a i g h t  l i n e  from  th e  p e n c i l  to  you r 
e y e s . You see  i t  th e re  in  f ro n t  o f y o u r. You reach  o u t and can 
touch  i t .  This ev id en ce  shows th a t  l i ÿ i t  t r a v e l s  in  s t r a i g h t  l i n e s .
I f  th e  l ig j i t  d id  n o t t r a v e l  in  s t r a i g h t  l i n e s  you would n o t be  a b le  to  
touch  th e  p e n c i l .  Things would n o t a c u ta l ly  be where you see  them 
w ith  your e y e s . W rite  a p a rag rap h  g iv in g  your r e a c t io n  to  t h i s  
s ta te m e n t .
(b) Now c o n s id e r  a n o th e r  p ie c e  o f  e v id e n c e . A sim ple  p in h o le  cam era 
w i l l  a llow  l i g h t  to  form  an image on th e  f i lm . I f  l i g h t  d id  n o t 
t r a v e l  in  s t r a i ^ t  l in e s  i t  would be im p o ss ib le  to  form an image on 
th e  f i lm . T his i s  p ro o f t h a t  l i g h t  t r a v e l s  i n  s t r a i g h t  l i n e s .  W rite  
a p a rag rap h  g iv in g  your r e a c t io n  to  th i s  ev id en ce .
(c) Now s t a r t  w ith  an assum ption  th a t  l i g h t  t r a v e l s  in  s t r a i g h t  l i n e s .  
Use t h i s  assum ption in  a l l  your e x p la n a tio n s  and p r e d ic t io n s  about 
l i g h t .  So long  as your assum ption  does n o t le a d  to  c o n t r a d ic t io n  i t  
must be  r i g h t .  W rite  a  p arag rap h  g iv in g  you r r e a c t io n  to  t h i s  s ta te m e n t.
2 . The a n c ie n t Greeks th o u g h t th e  reaso n  you can see  an o b je c t  i s  
b ecau se  your eyes em it l i g h t  rays which s t r i k e  an o b je c t  and th e n  
bounce back  to  your e y e s . They th o u g h t you see  a red  o b je c t  b ecau se  
your eyes send out red  l i g h t  to  t h a t  o b je c t .  S im ila r ly  they  tho u g h t 
you s e e  a  g reen  o b je c t b ecau se  your eyes send  out g reen  l i g h t  to  th e  
o b je c t .  F u rth erm o re , th ey  th o u g h t you could  n o t see  a f t e r  th e  sun went 
down b ecau se  i t  was n ig h t .
E x p la in  how th e  model o f v is io n  used today i s  d i f f e r e n t  from th e  model 
o f  v is io n  th e  a n c ie n t Greeks used .
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3 . (a) D esc rib e  th e  p o s i t io n  and s iz e  o f  th e  r e a l  image produced 
by a  le n s  when th e  o b je c t i s  very  f a r  away from th e  le n s .
(b) D escrib e  th e  p o s i t io n  and s i z e  o f  th e  r e a l  im age produced by a 
le n s  when th e  o b je c t i s  very  n e a r  b u t o u ts id e  th e  fo c a l  p o in t  o f th e  
le n s .
(c )  D esc rib e  th e  v i r t u a l  image p roduced  by a le n s  when th e  o b je c t  i s  
in s id e  th e  fo c a l  le n g th  o f th e  le n s .
4 . E x p la in  what g iv es  an o b je c t  i t s  c o lo r .  In  o th e r  w o rd s , exp ladn  
why a red  o b je c t  appears re d , a b lu e  o b je c t  ap p ea rs  b lu e ,  e t c .
5 . (a) What c o lo r  would a g reen  o b je c t  appear under w h ite  l ig h t?
(b) What c o lo r  would a g reen  o b je c t  ap p ea r u n d er g reen  l i g h t?
(c) What c o lo r  would a g reen  o b je c t  appear u n d er b lu e  l ig h t?
(d) What c o lo r  would a g reen  o b je c t  ap p ea r u nder red  l i g h t?
(e) What co lo r  would a  g reen  o b je c t  appear u n d er ye llo w  l ig h t?
6 . A c o lo r  te le v is io n  uses th r e e  c i r c u i t s  to  produce a red  p ic tu r e ,  
a  b lu e  p ic tu r e  and a g reen  p ic tu r e .  A ll  th r e e  p ic tu r e s  o v e rla p  
each o th e r  a t  th e  same p la ce  on th e  s c re e n .  E x p la in  how a b la c k  and 
w h ite  p ic tu r e  i s  produced on a c o lo r  t e l e v i s i o n  s e t .  Does a c o lo r  
t e l e v i s i o n  o p e ra te  u s in g  th e  a d d i t io n  model o r  th e  s u b t r a c t io n  model 
o f  c o lo r?
7 . W hite i s  sometimes d e fin e d  as th e  p re se n c e  o f  a l l  c o lo r .  B lack 
i s  som etim es d e fin e d  as th e  ah scen se  o f  a l l  c o lo r .  E x p la in  how b la c k  
may be p roduced . In c lu d e  in  your d is c u s s io n  w hich c o lo rs  a re  needed 
to  produce b la c k  and which model o f c o lo r  a llow s you to  produce b la c k .
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C ir c le  th e  l e t t e r  o f th e  p h ra se  th a t  b e s t  answ ers th e  fo llo w in g  
q u e s t io n s . Then w r i te  a  p a rag rap h  e x p la in in g  why you chose your answ er.
1 . M usica l in s tru m e n ts  produce sound by cau s in g  th e  a i r  to  v ib r a t e .  
Which o f  th e  fo llo w in g  s ta te m e n ts  e x p la in  how a  low p i t c h  i s  produced?
(a) A low p i t c h  i s  p roduced  by a v ib r a t io n  o f sm a ll am p litu d e .
(b) A v ib r a t io n  o f  low freq u en cy  w i l l  p roduce a low p i t c h .
(c) A low p i t c h  i s  p roduced  by a  v ib r a t io n  o f  la rg e  a m p litu d e .
(d) A v ib r a t io n  o f  h ig h  freq u en cy  w i l l  produce a  low p i t c h .
2 , Sound t r a v e l s  from one p la c e  to  a n o th e r  th ro u g h  a medium. Which 
o f  th e  fo llo w in g  s ta te m e n ts  b e s t  r e l a t e d  to  sound in  a  vacuum?
(a) Sound w i l l  t r a v e l  th rough  a vacuum as w e ll  as th rough  a i r .
(b) Sound w i l l  t r a v e l  th rough  a vacuum b e t t e r  th an  th ro u g h  a i r ,
(c) Sound w i l l  no t t r a v e l  th ro u g h  a vacuum as w e ll  as th ro u g h  a i r .
(d) A vacuum w i l l  n o t allow  any sound to  t r a v e l  th rough  i t .
3. An echo i s  th e  r e f l e c t i o n  o f sound from a d i s t a n t  s u r f a c e .  Which 
o f  th e  fo llo w in g  s ta te m e n ts  d e s c r ib e s  th e  p a th  o f  sound in  an echo when 
th e  sound s t r i k e s  th e  s u r fa c e  a t  an ang le?
(a) The sound w i l l  bounce s t r a i g h t  o f f  th e  smooth s u r f a c e .
(b) The s u r fa c e  w i l l  r e f l e c t  th e  sound a t  th e  same ang le  as i t  s t r i k e s
th e  s u r f a c e .
(c) The sound w i l l  be r e f l e c t e d  back a long  i t s  o r i g i n a l  p a th .
(d) The s u r f a c e  w i l l  m agnify th e  sound as i t  i s  r e f l e c t e d .
4 , Eachoes a re  n o t w anted in  m usic h a l l s  and o th e r  la rg e  rooms. To 
avo id  th o se  e ch o e s , l a r g e ,  heavy d rapes a re  o f te n  hung. Which of th e  
fo llo w in g  s ta te m e n ts  e x p la in s  how th e  d rap es  w i l l  h e lp  av o id  echoes?
(a) The i r r e g u l a r  s u r fa c e  o f th e  d rapes s c a t t e r s  th e  sound in  many 
d i r e c t i o n s .
(b) The s o f t  m a te r ia l  o f th e  drapes ab so rb s  th e  sound.
(c) N e ith e r  (a) o r  ( b ) .
(d) Both (a ) and ( b ) .
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5 . A p iano  p roduces low p i tc h e s  u s in g  lo n g  w ire s  and h ig h  p i tc h e s  
u s in g  s h o r t  w ir e s .  Which o f th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  
th e  v o c a l co rds  o f  m en's low v o ic e s  and women's h ig h  v o ic es?
(a) The v o c a l co rd s  o f  men a re  u s u a l ly  lo n g e r  th a n  th o se  o f  women.
(b) The v o c a l  co rds  o f  men a re  u s u a l ly  s h o r te r  th an  th o s e  o f women.
(c) The v o c a l co rds  o f  men and women a re  u s u a l ly  th e  same s i z e .
(d) Not enough in fo rm a tio n  i s  g iven  to  d e te rm in e  th e  s i z e  o f  th e
v o c a l c o rd s .
6 . As you grow o ld e r  you w i l l  lo s e  th e  a b i l i t y  to  h e a r  v e ry  h ig h  
p i tc h e s  t h a t  you now can h e a r .  Which o f  th e  fo llo w in g  s ta te m e n ts  b e s t  
d e s c r ib e s  th o s e  p i tc h e s  when you a r e  no lo n g e r  a b le  to  h e a r  them?
(a) The p i tc h e s  you a re  no lo n g e r  a b le  to  h e a r  w i l l  no lo n g e r  b e  
c a l l e d  sound.
(b) The p i tc h e s  w i l l  s t i l l  be c a l l e d  sound even though you a re  no 
lo n g e r  ab le  to  h e a r  them.
(c) The v ib r a t io n  o f the  p itc h e s  c e a se s  to  e x i s t  when you a re  no lo n g e r  
ab le  to  h e a r  them.
(d) The in s tru m e n t p roducing  th e  p i tc h e s  cease s  to  v ib r a t e  a t  th o s e  
fre q u e n c ie s  when you a re  n o t a b le  to  h e a r  them.
7. I t  i s  p o s s ib le  to  d is t in g u is h  th e  sounds produced by a tru m p et and 
a v i o l i n  by t h e i r  sound a lo n e . Which o f  th e  fo llo w in g  s ta te m e n ts  d e s c r ib e s  
how th i s  d i s t i n c t i o n  i s  made.
(a) A v i o l i n  and a trum pet canno t p roduce th e  same p i t c h .
(b) A v i o l i n  and a trum pet p roduce sounds o f  d i f f e r e n t  lo u d n e ss .
(c) A v i o l i n  and a  trum pet have a d i f f e r e n t  tim b re .
(d) A tru m p et does no t p roduce v ib r a t io n s  b u t a v io l in  d o es .
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Answer th e  fo llo w in g  u s in g  com plete s e n te n c e s .  Be as com plete in  your 
answ er as p o s s ib le .
1 . E x p la in  th e  p ro p e r ty  of sound th a t  e n a b le s  a trum pet to  produce f i r s t  
a h ig h  n o te  and th en  a low n o te . Be s u re  to  name t h i s  p ro p e r ty  i n  your 
e x p la n a tio n .
2 . E x p la in  th e  p ro p e r ty  o f sound th a t  e n a b le s  you to  d is t in g u is h  
betw een a p iano  and a  tru m p e t. Be su re  to  name t h i s  p ro p e r ty  in  you r 
e x p la n a tio n .
3. E x p la in  th e  p ro p e r ty  o f sound th a t  e n a b le s  a p iano  to  produce f i r s t  
a loud  sound and th en  a s o f t  sound. Be su re  to  name th i s  p ro p e r ty  in  
y o u r e x p la n a tio n .
4 . Three e s s e n t i a l  f a c to r s  a re  re q u ire d  in  o rd e r  f o r  sound to  e x i s t .  
Name th e s e  f a c t o r s .
1.
2 .
3.
Use your answer to  number fo u r  to  answ er numbers f i v e ,  s i x  and sev en .
5 . E x p la in  why sound would n o t e x i s t  i f  th e  f i r s t  p ro p e r ty  was a b sen t 
b u t th e  second and th i r d  p r o p e r t ie s  w ere p r e s e n t .
6 . E xp la in  why sound would n o t e x i s t  i f  th e  second  p ro p e r ty  was ab sen t 
b u t th e  f i r s t  and t h i r d  p r o p e r t ie s  w ere p r e s e n t .
7. E xp la in  why sound would n o t e x i s t  i f  th e  t h i r d  p ro p e r ty  was ab sen t 
b u t th e  f i r s t  and second p r o p e r t i e s  w ere p r e s e n t .
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C irc le  th e  l e t t e r  of th e  p h ra se  which b e s t  answ ers th e  fo llo w in g  
q u e s t io n s .  Then w r i te  a p a rag rap h  e x p la in in g  why you chose yo u r answ er.
1 . Which o f th e  fo llo w in g  b e s t  d e s c r ib e s  th e  p o s i t io n  o f m agnetic  p o le s  
in  a  magnet?
(a) The p o le s  a re  always a t  th e  same end o f  th e  m agnet.
(b) The p o le s  a re  always a t  o p p o s ite  ends o f  th e  m agnet.
(c) The p o le s  a re  sometimes a t  th e  same end and som etim es a t  o p p o s ite
ends o f  th e  m agnet.
(d) The p o le s  a re  always moving and som etim es d i f f i c u l t  to  lo c a te .
2 . When two magnets a re  b ro u g h t n e a r  each  o th e r  they  w i l l  i n t e r a c t .  In  
w hich o f th e  fo llo w in g  s i t u a t io n s  w i l l  th e  magnets be most l i k e l y  to  re p e l?
(a) (b) (c) (d)
W 5 W 5i N S N si ft/ c
N
^  s , S N
3. M agnetic p o le s  a re  an im p o rta n t p ro p e r ty  o f  a m agnet. Which of
th e  fo llo w in g  i s  c h a r a c t e r i s t i c  o f  m ag n e tic  p o le s?
(a) The m agnetic  p o le s  a re  th e  on ly  p la c e s  on a magnet th a t  w i l l  a t t r a c t  
sm all p ie c e s  o f p a p e r .
(b) M agnetic p o le s  can be  d e te c te d  on a g la s s  rod  under c e r t a in  
c o n d i t io n s .
(c) The a t t r a c t i o n  o f  unm agnetized  i ro n  i s  c o n c e n tra te d  a t  th e  m agnetic  
p o le s .
(d) M agnetic p o le s  a re  th e  on ly  p la c e s  on a magnet th a t  w i l l  a t t r a c t  
unm agnetized i r o n .
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4 . A compass i s  a perm anent magnet t h a t  i s  f r e e  to  r o t a t e  on a p iv o t 
a t  i t s  c e n te r .  Which of th e  fo llo w in g  b e s t  d e s c r ib e s  why a compass 
i s  a  good to o l  w ith  w hich to  de te rm in e  d i r e c t io n ?
(a) The r o ta t io n  o f  th e  e a r th  fo rc e s  th e  compass to  a l ig n  i t s e l f  
a long  th e  N o rth -S ou th  d i r e c t io n .
(b) The sun g iv es  o f f  r a d ia t io n  w hich a f f e c t s  th e  p o s i t io n  o f a compass.
(c) A compass always p o in ts  up w hich i s  tow ard th e  N orth  p o le  a t  th e  
top  o f  th e  e a r t h .
(d) The e a r th  a c ts  as a g ia n t  magnet w ith  w hich th e  compass a l ig n s  
i t s e l f .
5 .  A conçass was u sed  to  map th e  m agnetic  f i e l d  o f two m agnets. The 
arrow s in d ic a te  th e  N orth  d i r e c t io n  o f  th e  campass n e e d le .  Which o f 
th e  fo llo w in g  b e s t  d e s c r ib e s  th e  m agnetic  f i e l d .
(a)
(c)
N
■
(b) — s>
M S S  /V : :  I/V _g
(d)
/V
6 . A perm anent magnet i s  cu t in  two p ie c e s  h a l f  way between th e  p o le s .  
Which o f th e  fo llo w in g  b e s t  d e s c r ib e s  th e  p ie c e  t h a t  o r ig i n a l l y  c o n ta in e d  
th e  N orth  pole?
(a) A new magnet i s  formed c o n ta in in g  only  a N orth  p o le .
(b) A magnet w ith  a s tro n g  N orth  p o le  and a weak South p o le  r e s u l t s .
(c) E qual s t r e n g th  N orth  and South p o le s  a re  in  th e  new m agnet.
(d) The m a te r ia l  lo s e s  i t s  m agnetic  p r o p e r t i e s .
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Answer th e  fo llo w in g  q u e s tio n s  u s in g  com plete s e n te n c e s .  Be as com plete 
in  your answ er as p o s s ib le .
1 . (a ) How do u n lik e  m agnetic  p o le s  behave when they  a re  n e a r
each  o th e r?
(b) How do l i k e  m agnetic  p o le s  behave when th ey  a re  n e a r  each 
o th e r?
2 . What e f f e c t  does d is ta n c e  have on th e  fo rc e s  betw een m agnetic  p o le s?
3. How can you d e te c t  th e  m agnetic  f i e l d  t h a t  su rro u n d s  a magnet?
4 . What i s  th e  shape o f th e  m agnetic  f i e l d  su rro u n d in g  a b a r  magnet?
5 . How la rg e  i s  th e  m agnetic  f i e l d  around a  b a r  magnet in  r e l a t i o n  to  th e  
s i z e  o f th e  magnet?
6 . (a) What k inds  o f  m a te r ia ls  do m agnets a t t r a c t ?
(b) What k inds o f  m a te r ia ls  do magnets n o t a t t r a c t ?
7. How does a m agnetic  compass g iv e  you d ir e c t io n ?
8 . I f  you w ere l o s t  in  P h i la d e lp h ia  and w anted to  t r a v e l  in  a d i r e c t io n  
t r u e  w e s t ,  how w ould you lo c a te  t r u e  w est w ith  n o th in g  to  a id  you b u t a 
m agnetic  compass? Would you use th e  same p ro ced u re  in  Phoeniz? I f  n o t 
w hat p ro ced u re  would you u se  in  Phoenix?
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C irc le  th e  l e t t e r  o f th e  word o r  p h ra se  t h a t  b e s t  answ ers th e  fo llo w in g  
q u e s t io n s .  Then w r i te  a p arag rap h  in d ic a t in g  why you chose y o u r answ er.
1 . A c u r r e n t  f lo w in g  th ro u g h  a  s t r a i g h t  s e c t io n  o f w ire  p roduces a 
m agnetic  f i e l d  around th e  w ire .  Which o f th e  fo llo w in g  s ta te m e n ts  
e x p la in s  how in c re a s in g  th e  c u r re n t  in  th e  w ire  a f f e c t s  th e  f i e ld ?
(a) The shape o f th e  m agnetic  f i e l d  becomes more c i r c u l a r .
(b) The m agnetic  p o le s  become more p ronounced.
(c) The le n g th  o f  th e  m agnetic  f i e l d  becomes s h o r te r .
(d) None o f th e  above.
2 . A c u r r e n t  flo w in g  th ro u g h  a c i r c u l a r  loop  o f  w ire  p roduces a 
m agnetic  f i e l d .  Which of th e  fo llo w in g  s ta te m e n ts  b e s t  d e s c r ib e s  th e  
f ie ld ?
(a) The d i r e c t io n  o f th e  m agnetic f i e l d  in  th e  c e n te r  o f th e  loop 
depends on th e  d i r e c t io n  th e  c u r re n t  i s  flo w in g .
(b) A compass p la c e d  in  th e  c e n te r  o f  th e  loop  w i l l  s p in  r a p id ly .
(c) The m agnetic  f i e l d  i s  weaker a t  th e  c e n te r  o f  th e  loop th a n  o u ts id e  
th e  lo o p .
(d) The m agnetic  f i e l d  which i s  found a t  th e  c e n te r  o f  th e  loop  w i l l  
n o t a t t r a c t  i ro n  f i l i n g s .
3. A v e ry  u s e f u l  p ro p e r ty  o f e le c tro m a g n e ts  i s  th a t  th ey  can be made 
ex trem ely  p o w erfu l. Which o f th e  fo llo w in g  changes in  an e le c tro m a g n e t 
would n o t in c re a s e  i t s  s tre n g th ?
(a) The a d d i t io n  o f  more c o i l s  o f w ire  wound in  th e  same d i r e c t io n  
as th e  o r ig i n a l  c o i l s .
(b) An in c re a s e  in  th e  amount of c u r r e n t  flo w in g  th ro u g h  th e  c o i l s .
(c) The a d d i t io n  o f an au to m atic  r a p id  sw itc h in g  d ev ice  to  re v e rs e  
th e  c u r re n t  as r e q u ire d .
(d) The p lacem ent of an i r o n  core th rough  th e  c e n te r  o f  th e  c o i l s .
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4 . An e lec tro m ag n e t resem bels  a b a r  magnet in  many r e s p e c t s .  Which 
o f  th e  fo llo w in g  s ta te m e n ts  b e s t  in d ic a te s  a d i f f e r e n c e  betw een a b a r  
magnet and an e le c tro m a g n e t.
(a) T here i s  a p re sen ce  o f  two p o le s .
(b) A m agnetic  f i e l d  su rro u n d s  th e  magnet.
(c) The magnet w i l l  a t t r a c t  p ie c e s  o f  iro n .
(d) The d i r e c t io n  o f m agnetism  can e a s i ly  be re v e rs e d .
5 . An e l e c t r i c  m otor i s  a m achine th a t  c o n v e rts  e le c tro m a g n e tic  energy  
to  m echan ical en erg y . Which o f  th e  fo llo w in g  exam ples a ls o  co n v ert 
e le c tro m a g n e tic  energy  to  m ech an ica l energy?
(a) A te le g ra p h  system  sen d in g  a  coded m essage.
(b) An e l e c t r i c  ammeter in d ic a t in g  a  c u r r e n t .
(c) N e ith e r  (a) o r  ( b ) .
(d) Both (a) and (b)
6 . I t  i s  p o s s ib le  to  produce an e l e c t r i c  c u r re n t  in  a  c lo se d  c i r c u i t  by
moving a w ire  th rough a m agnetic  f i e l d .  Which o f  th e  fo llo w in g  s ta te m e n ts
b e s t  e x p la in s  how th e  c u r r e n t  i s  produced.
(a) The c u r re n t  w i l l  be produced  as long  as th e  w ire  rem ains i n  th e
m agnetic  f i e l d .
(b) The c u r re n t  always flow s in  one d i r e c t io n  in  th e  c i r c u i t .
(c) The amount of c u r re n t  depends on th e  speed  of th e  w ire  moving in  
th e  m agnetic f i e l d .
(d) The amount o f c u r re n t  depends on th e  d i r e c t io n  o f  th e  movement of 
w ire  in  th e  m agnetic  f i e l d .
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The diagram  below shows two f i e l d  m ag n e ts , a s im ple  a rm a tu re  and a
/'('irmntif a t ’ni" R o'fo-r  f h e  H i a o T a m  f n  ancTJOT n i i o c ^ T r m c  Qo-inan a i a h r
n in e .
FI Z^- D />\RGNeT
N
9  C .O N  N Z C T  IN C ,
> P<^S T
t.o r ,N n ^u rR ro R  f :  IC  L D R G j J C T
fl  / Z ^ R T U  R.C
(L o n M Z < ^ T /A '^  
p o  S T
7. Which o f  th e  fo llo w in g  s ta te m e n ts  b e s t  a p p l ie s  to  th e  d iagram  when 
one o f  th e  f i e l d  m agnets i s  removed and th e  arm a tu re  i s  connec ted  to  
a so u rce  o f  d i r e c t  c u rre n t?
(a)
(b)
(c)
(d)
The arm atu re  w i l l  n o t move from i t s  p re s e n t  p o s i t i o n .
The arm ature w i l l  swing le s s  than  o n e -h a lf  tu r n  (180°) to  a l ig n  
i t s e l f  in  the  m agnetic  f i e l d .
The arm ature w i l l  r o ta t e  b u t a t  reduced  speed  and pow er.
The arm atu re  w i l l  r o ta t e  a t  f u l l  sp eed  and pow er.
8 . Which o f  th e  fo llo w in g  s ta te m e n ts  b e s t  a p p l ie s  to  th e  d iagram  when one 
o f  th e  f i e l d  m agnets i s  re v e rse d  and th e  arm atu re  i s  connected  to  a so u rce  
o f  d i r e c t  c u rre n t?
(a ) The arm a tu re  w i l l  n o t move from i t s  p re s e n t  p o s i t i o n .
(b) The arm atu re  w i l l  swing le s s  than  o n e -h a lf  tu r n  (180°) to  a l ig n
i t s e l f  in  th e  m agnetic f i e l d .
(c ) The arm ature w i l l  r o ta t e  b u t  a t  reduced  speed and pow er.
(d) The arm atu re  w i l l  r o ta t e  a t  f u l l  speed  and power.
9 . I t  i s  p o s s ib le  to  use th e  ap p a ra tu s  in  th e  diagram  to  g e n e ra te  e l e c t r i c  
c u r r e n t .  Which o f th e  fo llo w in g  e x p la in s  w hat happens to  th e  flow  o f 
e l e c t r i c i t y  in  th e  c o i l s  o f th e  arm atu re  when i t  i s  r o ta t e d  in  th e  m agnetic  
f ie ld ?
(a) T here i s  no change in  th e  d i r e c t io n  o f  th e  c u r re n t  in  th e  c o i ls  as 
th e  arm atu re  r o t a t e s .
(b) The c u r re n t  re v e rs e s  d i r e c t io n  w ith  each com plete re v o lu t io n  (360°) 
of th e  a rm a tu re .
(c ) The c u r re n t  re v e rs e s  d i r e c t io n  w ith  each h a l f  r e v o lu t io n  (180°) 
o f th e  a rm a tu re .
(d) The c u r re n t  re v e rs e s  d i r e c t io n  w ith  each q u a r te r  r e v o lu t io n  (90°) 
o f th e  a rm a tu re .
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Answer th e  fo llo w in g  q u e s tio n s  u s in g  com plete s e n te n c e s . Be as com plete 
in  your answer as p o s s ib le .
1 . What i s  th e  shape o f th e  m agnetic  f i e l d  th a t  i s  p roduced by a  s t r a i g h t  
s e c t io n  o f  c u r re n t  c a r ry in g  w ire?
2 . What does w ind ing  a  w ire  in to  a  c o i l  do to  the  shape o f  th e  m agnetic  
f i e l d  around th e  w ire?
3. What a re  th r e e  th in g s  t h a t  can be done to  a c o i l  o f  w ire  to  in c re a s e
i t s  e le c tro m a g n e tic  s tre n g th ?
1. 
2 .
3.
4 . What i s  th e  purpose o f th e  arm atu re  in  an e l e c t r i c  motor?
5 . What i s  th e  pu rpose o f  th e  f i e l d  m agnets in  an e l e c t r i c  m otor?
6 . What i s  th e  pu rpose  o f th e  com m utator in  an e l e c t r i c  motor?
7. What must be done to  an e l e c t r i c  m otor to  con v ert i t  to  a g e n e ra to r  
o f e l e c t r i c  c u rre n t?
8 . E x p la in  how a sim ple  te le g ra p h  o p e ra te s .
9 . E x p la in  how a b u zze r  co n v e rts  e le c tro m a g n e tic  energy  to  sound en erg y .
-125-
SAMPLE RESPONSES * * * LIGHT & OPTICS -  MULTIPLE CHOICE
ITEM ONE:
CORRECT RESPONSES
(C) I f  l i g h t  d id  n o t t r a v e l  in  s t r a i g h t  l i n e s ,  th e n  n o th in g  would 
be on th e  f i lm .
(C) When we d id  th e  exp erim en t w ith  th e  cam era, ray s  o f  l i g h t  would 
escape  in s id e .
(C) B ecause i t  i s  t r u e ,  and even though  th e  l i t t l e  p in h o le  i s  very
l i t t l e ,  th e  s u n l ig h t  can s t i l l  manage to  e n te r  th e  p in h o le .
(C) Because i f  l i g h t  d i d n ' t  t r a v e l  in  a  s t r a i g h t  l i n e ,  you would n o t
be a b le  to  g e t an image b ecau se  i t  ta k e s  l i g h t  f o r  th e  p ic tu r e  to
focus and produce i t .
(C) I f  l i g h t  d i d n ' t  t r a v e l  in  s t r a i g h t  l i n e s ,  th e n  on a cam era you would 
have a d i f f e r e n t  p ic tu r e  th a n  what you aimed f o r .
INCORRECT RESPONSES
(A) B ecause i f  th e  s u n l ig h t  d id  n o t  t r a v e l  in  a s t r a i g h t  l i n e ,  then  
e v e ry th in g  would be b lu r r y .
(D) B ecause on a  cloudy day , you co u ld  t e l l  t h a t  th e  sun s h in e s  in  a 
s t r a i g h t  l i n e  when th e  c louds move.
(D) Because th e  ray s  o f  l i g h t  a re  v i s i b l e  on a cloudy day.
(B) The l i g h t  had  to  go s t r a i g h t  from  th e  eye so th e y  cou ld  look  s t r a i g h t  
a t  th in g s .
(A) The ray s  o f th e  sun sh in e  in  a  s t r a i g h t  l i n e .
ITEM TWO:
CORRECT RESPONSES
(A) The ray  bounces o f f  th e  smooth s u r f a c e  and t r a v e l s  back a t  a
d i f f e r e n t  an g le  th an  i t  e n te re d .
(A) B ecause th e  ray  o f l i g h t  r e f l e c t e d  on th e  o p p o s ite  s id e  o f th e  norm al 
i s  w here th e  ray s  o f l i g h t  a r e .  They go in  th e  m iddle o f th e  m ir ro r .
(A) The m ir ro r  i s  sh in y , and th e  l i g h t  w i l l  bounce o f f  a t  th e  same 
an g le  o p p o s ite  th e  norm al l i k e  a b a l l  bounces o f f  so m eth in g .
(A) The ray  i s  go ing  up to  th e  m ir r o r ,  and th e  m ir ro r  makes t h i s  r e f l e c t  
on th e  o p p o s ite  s id e  a t  th e  same a n g le  as i t  e n te r e d .
(A) I t  r e f l e c t s  a t  th e  same an g le  i t  went in to  th e  m ir ro r  a t .
—126—
INCORRECT RESPONSES
(C) T h is  i s  caused  by r e f l e c t i o n .  The l i g h t  cannot go th ro u g h  a m ir ro r ,
so  t h i s  i s  th e n  r e f l e c t e d  to  an o th e r  re sp o n d in g  p a r t  and th u s  causes
i t  to  ab so rb .
(D) The ray  p a s se s  th ro u g h  i t  so  you can se e  y o u r s e l f .
(B) Because when a l i g h t  ray  i s  r e f l e c t e d ,  i t  w i l l  n o t go in  a s t r a i g h t
l i n e .  I t  i s  b e n t l i n e .
(B) Because l i g h t  goes s t r a i g h t .
(B) The norm al one i s  in  th e  c e n te r ,  and th e  ray  h i t s  th e  same p o in t  b u t 
r e f l e c t s  a d i f f e r e n t  a n g le .
ITEM THREE:
CORRECT RESPONSES
(D) A m irro r  d o e s n 't  show an y th in g  u p s id e  down, j u s t  backw ards. You 
would have to  s ta n d  on your head to  see  y o u r s e l f  r i g h t .
(D) I t  i s  no t in v e r te d  from top to  bo ttom .
(D) The o b je c t  i s  s t i l l  r i g h t  s id e  up when i t  comes ou t o f th e  m ir ro r .
(D) T hat i s  on ly  i f  you look  in to  a convex m ir ro r .
(D) The image i s  th e  same b u t backw ards on th e  ap p ea ran ce .
INCORRECT RESPONSES
(B) Because th e r e  i s  n o th in g  in  th e  m ir ro r .  I t  i s  j u s t  a  r e f l e c t i o n .
(A) Because i t  r e f r a c t s  th e  l i g h t ,  bends i t  so i t  comes ou t in  a
d i f f e r e n t  p la c e .
(B) Because th e  m ir ro r  b lo c k s  th e  s u n l ig h t  from go ing  beh ind  t h e i r r o r ,  
and i t  w i l l  n o t  r e f l e c t  on beh in d  i t .
(C) I f  you have a  m ir r o r ,  and you w anted to  s i t  in  th e  g ra s s  and look
backwards and see  your h o u se , you would lo o k  back  and see  t h a t  th e
m irro r  makes th e  house s m a lle r  th an  i t  i s .
(B) Because you can t e l l  by lo o k in g  in to  a  p la in  m ir ro r .
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ITEM FOUR:
CORRECT RESPONSES
(A) The more th e  a n g le , th e  more th e  l i g h t  w i l l  bend .
(A) The b ig g e r  th e  ang le  o f  in c id e n c e  ra y , th e  b ig g e r  th e  an g le  i t  w i l l
even go ou t th e  s id e  in s te a d  o f  back i f  i t ' s  b ig  enough.
(A) The l i g h t  i s  b en t and comes o u t l a r g e r  on th e  g la s s  o f  th e  f i s h  ta n k s .
(A) When th e  l i g h t  s h in e s  th ro u g h  th e  g la s s ,  i t  bounced o f f  th e  s id e  o f
i t  and r e f l e c t e d  th e  same way.
(A) The l a r g e r  th e  in c id e n c e , th e  l a r g e r  th e  r e f r a c t io n .
INCORRECT RESPONSES
(B) When you p u t a p e n c i l  in  th e  w a te r ,  i t  makes i t  look  b ig g e r .
(D) I t  has to  bend away so i t  w i l l  work r i g h t ,  and i t  bends when th e
l i g h t  ray s  h i t  th e  no rm al.
(D) Because when l i g h t  h i t s  th e  w a te r , i t  a n g le s . For in s ta n c e ,  i f  you
w ere sh o o tin g  a f i s h ,  you have to  aim low er.
(A) Because when i t  h i t s  th e  w a te r ,  i t  goes a l l  th rough  th e  w a te r .
ITEM FIVE:
CORRECT RESPONSES
(C) The fo c a l le n g th  i s  th e  same on b o th  s id e s  o f th e  l e n s ,  so i t  can
c o n t ro l  l i g h t  th e  same way on b o th  s id e s  o f th e  le n s .
(C) They a re  always th e  same le n g th  on b o th  s id e s  o f th e  m ir ro r .
(C) The le n s  i s  th e  same th ic k n e s s  on th e  s id e  and in  th e  m idd le on b o th
s id e s ,  and th e  th ic k n e s s  e n a b le s  i t  to  focus w ith  th e  e d g es .
(C) B ecause th e  image i s  th e  same fo c a l  le n g th  on bo th  s id e s  and i s
a l s o  th e  same s i z e .
(C) No m a tte r  how you tu rn e d  i t ,  i t  would be th e  same on b o th  s id e s .
INCORRECT RESPONSES
(A) When i t  m ight be one c e n t im e te r  away from th e  fo c a l le n g th ,  i t  u s u a lly
i s  c lo s e r  to  th e  o p p o s ite  one.
(D) The r e l a t i v e  le n g th  o f th e  two fo c a l  o f  th e  le n s  because  th e re  a re
two le n s e s ,  b o th  th e  same s i z e .
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(B) Because the l ig h t  goes through the le n s , and the fo ca l length i s  the
length i t  takes to focus.
(B) Because th e  l i g h t  p a sse s  th ro u g h  th e  l e n s , and th e  fo c a l  le n g th  i s  
th e  le n g th  a t  which i t  i s  fo cu sed .
(A) You have to  g e t a l o t  o f d is ta n c e  from th e  sun to  th e  o b je c t to  
b u m  som eth ing .
ITEM SIX:
CORRECT RESPONSES
(D) The le n s  makes th e  o b je c t  lo o k  u p s id e  down when you look  a t  th e  im age.
(D) I f  you g e t c lo s e  enough to  an o b je c t ,  you can g e t i t  th e  same s i z e ,  
b u t i t  w i l l  alw ays be in v e r te d .
(D) L ike in  a cam era, th e  image i s  always in v e r te d .
(D) When we w ere w orking w ith  th e  le n s ,  th e  o b je c t w hich we looked  a t
was u p s id e  down.
(D) The o b je c t w i l l  always be in v e r te d  becau se  i t  i s  backw ards.
INCORRECT RESPONSES
(B) The image g e ts  l a r g e r  when th e  fo c a l  le n g th  i s  f a r  away from th e
o b je c t .
(A) Because when you see  i t  th ro u g h  th e r e ,  i t  i s  s m a l le r  th an  i f  you 
se e  i t  w ith o u t th e  l e n s .
(B) I t  becomes r e a l  la rg e  when you move th e  le n s  away from th e  o b je c t .
(B) Bcause th e  convex le n s  a re  th i c k e r  in  th e  m iddle and th in n e r  around
th e  ed ges.
ITEM SEVEN:
CORRECT RESPONSES
(A) The convex le n s  causes th e  image to  j u s t  ap p ea r t h i s  way even though 
i t  i s  r ig h t  s id e  up.
(A) Because i t  m a g n ifie s  i t ,  and i t ' s  in  th e  f o c a l  le n g th ,  so i t ' s  
r ig h t  s id e  up .
(A) I t  blows up th e  s iz e  b u t s ta y s  r ig h t  s id e  up.
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(A) When th e  le n s  i s  in  fo c a l le n g th ,  th e  image appea rs  m ag n ified  and
r ig h t  s id e  up because  you a re  supposed to  use i t  to  make sm all th in g s  
la rg e .
(A) Because i t  p roduces a v i r t u a l  image o f  th e  o b je c t  in s id e  th e  fo c a l 
le n g th .
INCORRECT RESPONSES
(A) When you look in  a m ir ro r ,  you a r e n ' t  beh ind  i t .
(D) The v i r t u a l  image i s  s m a l le r  because  th e  l i g h t  i s  r e f r a c t e d ,  so
i t  makes th e  o b je c t s m a l le r ,  a lso  u p s id e  down.
(C) The o b je c t  i s  sm all b u t i s  r ig h t  s id e  up w ith  th e  f o c a l  le n g th  i s
very c lo s e  to  th e  o b je c t .
(D) A v i r t u a l  image i s  l ik e  s h in in g  th e  f l a s h l i g h t  th rough  th e  le n s ,  and 
th e  bu lb  appeared  to  be th e r e .
(B) Because when th e  fo c a l  le n g th  i s  in s id e  th e  fo c a l le n g th  o f th e
o b je c t ,  i t  would make i t  b ig g e r .
ITEM EIGHT
CORRECT RESPONSES
(D) A fte r  you s u b tr a c t  re d , b u le ,  and y e llo w , th e re  i s  n o th in g  l e f t  b u t 
b la c k .
(D) B lack i s  absence of a l l  c o lo r  s in c e  re d , b lu e ,  and ye llow  a re  th e  
base c o lo r s .  Then when you s u b tr a c t  them, you have b la c k  because  
red , b lu e , and yellow  d o n 't  have any c o lo r  in  common.
(D) B lack i s  s u b tra c te d  by a l l  o f  the  c o lo rs .
(D) T his i s  t r u e  because as you ta k e  away a l l  o th e r  c o lo r s ,  th e re  i s
only one c o lo r  l e f t ,  w hich i s  b la c k .
(D) You can combine th e se  c o lo rs  by s u b tr a c t io n  and g e t th e  c o lo r  b la c k .
These th r e e  c o lo rs  a re  p rim ary  c o lo rs  fo r  a r t i s t s .
INCORRECT RESPONSES
(B) B lack i s  formed when you p u t a l l  th r e e  c o lo rs  to g e th e r ,  and they  
make b la c k .
(C) When you add re d , b lu e  and y e llo w , you g e t b la c k .
(A) S c i e n t i s t 's  c o lo rs  a re  added ; a r t i s t ' s  c o lo rs  a re  s u b tr a c te d .
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(B) You add a l l  o f  them c o lo rs  t o g e th e r ,  and they  j u s t  fade i n t o  b la c k  
b ecause  th e y  a re  too dark .
(B) You add red  and b lu e  t o g e t h e r  you g e t  v i o l e t ,  b u t  when you add green 
you g e t  b la c k .
ITEM NINE :
CORRECT RESPONSES
(B) Because b lu e  has no m ix tu re  o f  g reen ;  t h e r f o r e ,  i t  r e f l e c t s  n o th in g .
(B) Because green  looks b la c k  w i th  a  b lu e  l i g h t .
(B) Because th e  c o lo r  b lu e  abso rbs  every  c o lo r  b u t  b lu e .
(B) When you have a green  o b je c t  under a  b lu e  l i g h t ,  i t  t u r n s  b la c k .
(B) When you use th e  s u b t r a c t i o n  method, you g e t  b l a c k .
INCORRECT RESPONSES
(D) Green and b lu e  make th e  o b je c t  appear ye llow .
(D) The o b je c t  was g re e n ,  and th e n  on top  of i t  was b lu e ,  so  i t  w i l l  tu rn
y e l l o r .
(B) Because i t  would look green  under dark  l i g h t .
(A) Viewed under b lu e  l i g h t ,  th e  b lu e  to o k  out th e  c o lo r s  b u t  b lu e .
(B) B lue i s  a  dark  c o lo r .  The o b je c t  w i l l  become d a r k e r .
ITEM TEN
CORRECT RESPONSES
(C) Because th e  absence of th e  b lu e  means t h a t  th e  r e d  and green  would
m ix, and i t  would become b la c k  and ye llow .
(C) Because b lu e  and ye l lo w  makes g reen .  When th e  b lu e  goes o u t ,
t h e  c o lo r  ye llow  shows th rough  as w e l l  as b la c k .  N ote: Evidence
o f  u n d e rs ta n d in g ,  reaso n  n o t  p r e c i s e  —  f iv e  p o in t s  f o r  c o r r e c t  
s e l e c t i o n .
(C) By adding  th e  two c o lo rs  t o g e t h e r ,  t h a t ' s  what you would g e t .
(C) Because i t  would be red  on green  which might make ye l low .
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IN CORRECT RESPONSES
(A) The black, would co v er  up th e  g reen  b u t  n o t  th e  re d .
(D) Because green  and red  makes up th e  c o lo r  b lu e .
(B) Because I  d o n ' t  know i f  you ta k e  b lu e  away, you on ly  have green and 
red  l e f t ,  and you keep sa y in g  b la c k .
(A) The p i c t u r e  would appea r  b la c k  and re d  because  th e  two c o lo r s  to g e th e r
would make b la c k ,  and you have only  red  l e f t .
(C) Because w h ite  on b la c k  p roduces  ye l lo w  c o l o r ,  I  t h in k .
APPENDIX B
CONTENT MATERIAL FOR CONCRETE INSTRUCTION
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EXPLORATION
I n t e r p r e t a t i o n : Have you ev e r  walked a c ro s s  a wool m g  and then  touched  
a m e ta l  o b je c t  such as th e  screws on a l i g h t  sw itch .  What a c t i o n  d id  you 
f e e l ?  Have you e v e r  n o t i c e d  what happens when you comb your h a i r  b r i s k l y  
on a dry  day? Have you e v e r  n o t i c e d  nylon c lo th e s  s t i c k  t o g e th e r  when 
you ta k e  them out of th e  d ry e r?  What do th e s e  th in g s  have i n  common?
You w i l l  do some experim en ts  to  f in d  out more about th e s e .
E xperim en ta tion  : Begin by t e a r i n g  some p ap e r  i n t o  sm a ll  p i e c e s .
Then ta k e  an o rd in a ry  hard  m b b e r  comb and b r in g  i t  c l o s e  to  th e  p a p e r .
What happens? Make a r e c o rd  of your o b s e rv a t io n .  I s  t h e r e  any i n t e r a c t i o n  
between the  comb and paper? Now see  i f  you can f in d  a way to  cau se  an 
i n t e r a c t i o n  between the  item s in  your system . Do as many d i f f e r e n t  
th in g s  as  you can th in k  o f  to  cause  something to  happen in  y ou r  sy stem .
Be s u re  to  w r i te  down each th in g  you do and th e  r e s u l t s  you o b s e rv e .
(Experiment time)
You w i l l  now be given a rubber  rod and a p ie c e  o f  wool. Compare i t s  
i n t e r a c t i o n  w ith  th e  p aper  to  e v e ry th in g  you have done w i th  th e  ru b b e r  
comb.
(Experiment time)
I f  you have not done so a l r e a d y ,  t r y  to  p ic k  up th e  p aper  w i th  d i f f e r e n t  
p a r t s  o f  the  rod: i . e . ;  th e  p o in te d  end, the  b lu n t  end, th e  m id d le .
(Experiment time)
You w i l l  now be given a g la s s  rod and a p ie c e  o f  s i l k .  Compare th e  
i n t e r a c t i o n  o f  th e  g la s s  on th e  paper to  the  rub b er  on th e  p a p e r .  Make 
a re c o rd  of a l l  s i m i l a r i t i e s  and a l l  d i f f e r e n c e s  you o b se rv e .
(Experiment time)
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INVENTION
Concept : You have been working w ith  e l e c t r i c a l  charge . S ince  t h i s
e l e c t r i c a l  charge i s  no t moving i t  i s  c a l l e d  ’ s t a t i c  e l e c t r i c i t y ' .
U nderstand ing  the  c o n c e p t ; Data from your e x p lo ra t io n  en ab le  you to  
answer the  fo llo w in g  q u e s t io n s .
1. What i s  s t a t i c  e l e c t r i c i t y ?
2. What does i t  mean to  say an o b je c t  i s  charged?
3. l-fhy i s  s t a t i c  e l e c t r i c i t y  a form of energy:
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DISCOVERY
E x p e r im e n ta t io n  : Find as much ev idence  as you can t h a t  s t a t i c  e l e c t r i c i t y
i s  a form o f  ene rg y .  Make a r e c o rd  o f  a l l  th e  ev id en ce  you f in d .  Be 
s u re  you u n d e rs tan d  th a t  s t a t i c  e l e c t r i c i t y  i s  a form o f  energy .
(Evidence)
E x p e r im e n ta t io n ; Suspend a p i t h  b a l l  w i th  s i l k  t h r e a d  from a s u p p o r t .
Now charge a  rod  w ith  s t a t i c  e l e c t r i c i t y .  B ring  i t  n e a r  th e  p i t h  b a l l .  
Record you r  o b s e r v a t io n s .  Why do you th in k  you r  sy s tem  behaved as i t  did?
(Experim ent time)
Now charge  two p i t h  b a l l s  w ith  th e  same ro d .  Then b r in g  th e  two p i t h  
b a l l s  n e a r  each o th e r .  Record you r  o b s e r v a t io n s .
(Experim ent time)
Charge one p i t h  b a l l  w i th  a g la s s  rod and a second w ith  a rubber  rod .
Then b r in g  th e s e  two p i t h  b a l l s  n e a r  each o th e r .  Record your o b s e rv a t io n s ,
(Experim ent time)
E x p e r im en ta tio n  : Charge a g la s s  rod and suspend i t  w i th  s i l k  th r e a d  from
a r in g  s ta n d  so t h a t  i t  i s  h o r i z o n t a l .  The g la s s  rod  i s  now f re e  to  move. 
Let th e  rod s to p  sw ing ing  b e fo re  you c o n t in u e .  Now charge a second g la s s  
rod as you d id  the f i r s t ,  then  b r in g  i t  c lo s e  to  th e  suspended rod .  Make 
a  re c o rd  o f  what you d id  and what happened. Try as  many d i f f e r e n t  th in g s  
as you can th in k  o f  to  do to  t h i s  system . You may need to  rech a rg e  th e  
suspended rod from time to  tim e.
(Experim ent time)
You a re  now to  t r y  th e  same experim ent w i th  two ru b b er  ro d s .  Compare 
what happens to  your o b s e rv a t io n s  w ith  th e  two g la s s  rod system .
(Experim ent time)
Now f in d  out what happens when you use a system  of one g la s s  rod and one 
rubber  ro d .  Use as many d i f f e r e n t  com bination  as you need to .
(Experim ent time)
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Model b u i l d i n g : You have found t h a t  when two o b je c t s  t h a t  have been
charged  the  same a re  b rough t c lo s e  to  each o th e r ,  they  w i l l  r e p e l .
T h is  happens w ith  two g la s s  rods and a l s o  w i th  two rubber  ro d s .  When 
you used  a rubber  rod and a g la s s  rod you found t h a t  they a t t r a c t  
each o th e r .  The g la s s  rod and the  ru b b e r  rod  have d i f f e r e n t  ty p e s  o f  
charge  on them. S c i e n t i s t s  have been a b le  to  f in d  only two ty p e s  o f  
e l e c t r i c i t y .  They c a l l  th e  ty p e  o f  charge  on th e  g la s s  rod  ' p o s i t i v e '  
and the  charge on th e  rubber  rod ' n e g a t i v e ' . Many experim en ts  have been 
done which show th e  same r e s u l t s  as you have found.
BACKGROUND INFORMATION
Benjamin F ra n k l in  was th e  man who named e l e c t r i c  charges p o s i t i v e  and 
n e g a t iv e .  You may have h ea rd  o f  h i s  famous k i t e  f ly in g  experim en t 
which showed t h a t  l i g h tn in g  i s  e l e c t r i c i t y .  You shou ld  NEVER t r y  t h i s  
however. F ra n k l in  was very  lucky t h a t  he was n o t  h u r t  do ing th e  
ex p er im en t .  S e v e ra l  men have been k i l l e d  t r y i n g  to  d u p l i c a te  h i s  work.
DISCOVERY (Cont'd)
O b s e rv a t io n : You a re  now going  to  experim en t w i th  an e l e c t r o s c o p e .
An e le c t r o s c o p e  i s  an in s tru m e n t  t h a t  w i l l  d e t e c t  s t a t i c  e l e c t r i c i t y .  
Look c a r e f u l l y  a t  how the e l e c t r o s c o p e  i s  made. D escribe in  your 
no tebook  e v e ry th in g  about i t s  c o n s t r u c t io n .
(O bse rva tion )
E xperim en ta tion  : Now touch a  charged g la s s  rod  to  the  knob o f  th e
e l e c t r o s c o p e .  Be s u re  the  g la s s  has a  s t r o n g  charge  on i t .  Make a 
re c o rd  o f  what happens.
(Experim ent time)
I n t e r p r e t a t i o n  ; What do you th in k  caused  th e  le av es  to  sp re a d  a p a r t .  
Use the  d a ta  you o b ta in e d  in  your p re v io u s  ex p e r im en ts .  W rite  a 
p a rag rap h  e x p la in in g  what happened and why you th in k  i t  happened.
(P aragraph)
Model b u i l d i n g : The le av es  o f  an e l e c t r o s c o p e  s p re a d  because  b o th
of  them are  connected in  one p la c e .  T h is  cau ses  bo th  of them to  have 
th e  same charge and thus  they  r e p e l  a t  th e  ends where they  a re  no t 
connec ted .  When the  le a v e s  of an e le c t r o s c o p e  a re  sp read  a p a r t  i t  i s  
s a i d  to  be ' c h a r g e d ' .
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E xperim en ta tion  : Find a  way to  d isc h a rg e  th e  e l e c t r o s c o p e .
(Experiment time)
Model b u i l d i n g ; One way to  d isc h a rg e  an e l e c t ro s c o p e  i s  to  touch  i t  
w i th  your f i n g e r .  S c i e n t i s t s  sometimes c a l l  d i s c h a rg in g  an e l e c t ro s c o p e  
' g r o u n d in g ' .
I n t e r p r e t a t i o n  ; W rite  a parag raph  t e l l i n g  why you th in k  s c i e n t i s t s  use 
th e  word 'g ro u n d in g '  to  mean d is c h a rg in g  an e l e c t r o s c o p e .
(Paragraph)
E xp er im en ta tio n  ; Now re p e a t  your experim ent u s in g  a charged  rubber  
rod .  Remember you w i l l  now be working w ith  n e g a t iv e  e l e c t r i c i t y .
(Experiment time)
Model b u i l d i n g ; An e le c t ro s c o p e  w i l l  d e t e c t  b o th  p o s i t i v e  and n e g a t iv e  
s t a t i c  e l e c t r i c i t y .  I t  works the  same way f o r  b o th .  Charging and 
d is c h a rg in g  an e le c t ro s c o p e  by touch ing  th e  knob of th e  e l e c t ro s c o p e  
w ith  the rods and the ground i s  known as ' c o n d u c t io n ' .
E xp er im en ta tio n  : Find an o th e r  way to  a f f e c t  th e  le a v e s  o f  an e le c t ro s c o p e
w ith  a charged rod . Charge the  e le c t ro s c o p e  by conduc tion  w ith  p o s i t i v e  
e l e c t r i c i t y .  Now b r in g  a n e g a t iv e ly  charged rod n e a r  th e  knob bu t do no t 
touch  i t .  Record your o b s e rv a t io n .  Why do you th ih k  t h i s  happened? 
(Experiment time)
P r e d ic t io n  ; P r e d ic t  what w i l l  happen when you do th e  o p p o s i te ,  t h a t  i s  
i f  you charge th e  e le c t ro s c o p e  w ith  n e g a t iv e  e l e c t r i c i t y  by conduction  
and b r in g  a  p o s i t i v e l y  charged rod n e a r  th e  knob.
(Paragraph)
E xperim en ta tion  ; Now perform  the  experim ent to  t e s t  your p r e d i c t i o n .  
(Experiment time)
Try as many o th e r  com binations as you can th in k  o f  and e x p la in  why th e  
e le c t ro s c o p e  behaves as i t  does.
(Experiment time)
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Model b u i l d i n g ; The le a v e s  of a  charged  e le c t ro s c o p e  w i l l  c o l l a p s e  
when th e  o p p o s i te  charge i s  b rough t n e a r  the  knob. T h is  phenomenon of 
a  charge only  b e in g  n e a r  an o b je c t  y e t  s t i l l  a f f e c t i n g  i t  e l e c t r i c a l l y  
i s  known as ' i n d u c t i o n ' .
E x p e r im e n ta t io n ; Now f in d  a way to  charge a n e u t r a l  e l e c t r o s c o p e  
w ith o u t touch ing  i t  w ith  a  charged  rod. In  o th e r  w ords,  charge th e  
e le c t ro s c o p e  by in d u c t io n .
(Experiment time)
Model b u i l d i n g : An e l e c t r o s c o p e  may be charged by in d u c t io n  by
grounding th e  knob w h ile  i t  i s  under the  in f lu e n c e  o f  a  ch a rg e ,  th en  
by r e l e a s in g  th e  ground fo llow ed  by removing the  in d u c t iv e  in f lu e n c e  o f  
th e  cha rge .
E xp er im en ta tio n  : You w i l l  now i n v e s t i g a t e  th e  p r o p e r t i e s  o f  d i f f e r e n t
su b s ta n c e s  w ith  an e l e c t r o s c o p e .  You have found t h a t  you can ground 
th e  e le c t ro s c o p e  by to u c h in g  i t  w ith  your f i n g e r .  Try to  ground i t  
by h o ld ing  d i f f e r e n t  m a te r i a l s  in  your hand and tou ch in g  th e  knob.
Record each o b s e rv a t io n .
(Experiment time)
Model b u i l d i n g : You have found t h a t  some o b je c t s  such as p l a s t i c ,  g l a s s ,
rubber  and p ap er  w i l l  no t ground th e  e le c t ro s c o p e .  S ubs tances  such as 
th e s e  a re  known as ' i n s u l a t o r s ' .  The m a te r ia l s  t h a t  w i l l  ground the  
e le c t ro s c o p e  such as cop p er ,  aluminum and i ro n  a re  known as ' c o n d u c t o r s ' .
I n t e r p r e t a t i o n  ; W rite  a p arag raph  e x p la in in g  how you th in k  i n s u l a t o r s  
work. Give ev idence to  su p p o r t  what you say .
(Paragraph)
O b se rv a t io n : You have found t h a t  e l e c t r i c i t y  w i l l  move th rough
co n d u c to rs ,  bu t w i l l  no t  move th rough  i n s u l a t o r s .  F ind ev id en ce  of 
the  use  of conducto rs  and i n s u l a t o r s  in  as many d i f f e r e n t  p la c e s  as 
you can.
(Evidence)
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What you have le a rn e d  about s t a t i c  e l e c t r i c i t y  i s  im portan t  fo r  your 
u n d e rs tan d in g  of e l e c t r i c i y .  S t a t i c  e l e c t r i c i t y  however cannot be  
used fo r  most p r a c t i c a l  s i t u a t i o n s .  Look up th e  word ' s t a t i c '  i n  the  
d i c t i o n a r y  i f  you a re  not e x a c t ly  s u re  what i t  means.
EXPLORATION
O b se rv a t io n ; Examine s e v e ra l  p ie c e s  o f  e l e c t r i c a l  w ire .  What m a te r i a l s  
do you th in k  they  a re  made of? What a re  th e  s i m i l a r i t i e s  and the  
d i f f e r e n c e s  o f  th e  w ire  you observed . Note th e s e  in  your r e c o rd s .
(O bse rva tion )
E xperim en ta tion  : For t h i s  experim ent you w i l l  need an o rd in a ry  f l a s h l i g h t
dry  c e l l ,  a  f l a s h l i g h t  s i z e  bulb and a  p ie c e  o f  w ire .  Examine th e  dry 
c e l l  and th e  bulb  c a r e f u l l y .  These th r e e  o b je c t s  make up a  ' s y s t e m ' .
Find a way to  cause i n t e r a c t i o n  in  t h i s  system . What i s  your ev idence  
of in t e r a c t io n ?
(Experiment time)
Continue to  experim ent to  f in d  o th e r  ways to  make the  system  i n t e r a c t .
As you f in d  them, make a drawing in  your r e c o rd s .
(Experiment time)
P r e d i c t i o n : Each o f  th e se  p i c tu r e s  shows a dry c e l l ,  a w ire  and a bulb
system . The o b je c ts  in  the  system  a re  connected  d i f f e r e n t l y  in  each 
p i c t u r e .  Why does th e  system  remain th e  same sytem? Study th e  way 
th e  o b je c t s  in  th e  system  are  a r ran g ed .  P r e d ic t  which o f  th e  a rrangem ents  
w i l l  produce ev idence  o f  i n t e r a c t i o n .  Record your p r e d ic t io n  in  your 
re c o rd s .  Make a t a b l e  l i k e  the one shown. Each end o f  a dry c e l l  i s  
c a l l e d  a p o le .  N o tice  one po le  i s  marked '+ '  and th e  o th e r  ' - ' .  Do you 
th in k  t h i s  may be r e l a t e d  to  th e  p o s i t i v e  and n e g a t iv e  e l e c t r i c i t y  of 
Benjamin F ran k lin ?
PICTURE PREDICTION (Yes o r  No) EXPERIMENT (Yes o r  No)
A
B
C
D
E
F
G
H
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You a re  p r e d i c t i n g  w hether  each of th e  a rrangem ents  o f  th e  o b je c t s  
in  th e  system  w i l l  g ive  ev idence  of i n t e r a c t i o n .  W rite  ' y e s '  o r  'n o '  
in  your t a b le  to  t e l l  w hether  o r  no t  you expec t to  f in d  ev idence  o f  
i n t e r a c t i o n .  I f  you w ish to  change any o f  your p r e d i c t i o n s  do i t  now.
E x p e r im e n ta t io n  ; From now on do n o t  change any o f  your p r e d i c t i o n .  You 
a re  going to  do experim en ts  w i th  a dry c e l l ,  a bu lb  and a  w ire  to  t e s t  
you r  p r e d i c t i o n s .  Arrange th e  o b je c t s  in  th e  system  j u s t  as th e y  a re  
shown in  th e  p i c t u r e s .  Record i n  your t a b l e  w hether  o r  n o t  you found 
e v id en ce  o f  i n t e r a c t i o n  by w r i t i n g  'y e s '  o r  ' n o ' .  D on 't be concerned  
i f  you p r e d ic te d  w rongly fo r  some a rrangem ents  o f  th e  o b j e c t s .  F ig u re  
out why you p r e d ic te d  i n c o r r e c t l y .  Record what you dec ided  about 
i n c o r r e c t  p r e d i c t i o n .
(Experim ent tim e)
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INVENTION
Concept : When a  dry  c e l l ,  a w ire  and a bu lb  a re  a r ran g ed  so as to
produce ev idence  o f  i n t e r a c t i o n  the  system  i s  s a i d  to  be an ' e l e c t r i c  
c i r c u i t ' .  The i n t e r a c t i o n  o f  th e  system  t h a t  p roduces  ev idence  of 
something happening in  the  c i r c u i t  i s  known as ' e l e c t r i c a l  c u r r e n t ' .
U nders tanding  the  c o n c e p t ; D ata from your e x p lo r a t io n  e n a b le s  you 
to  answer th e  fo l lo w in g .
1 , What i s  th e  ev idence  o f  i n t e r a c t i o n  in  your e l e c t r i c  c i r c u i t ?
How must th e  bulb  be connec ted  to  th e  dry c e l l  to  produce 
e l e c t r i c  c u r r e n t?
3. What i s  th e  energy  so u rce  in  th e  e l e c t r i c  c i r c u i t ?
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DISCOVERY
E x p er im en ta tio n  ; Now add a n o th e r  w ire  to  your system  and f in d  a way 
to  produce th e  i n t e r a c t i o n .  Again draw a  s k e tc h  showing how th e  system  
i s  connec ted  to  produce e l e c t r i c a l  c u r r e n t .
(Experiment time)
I n t e r p r e t a t i o n  ; What advantage does a two w ire  sy stem  have o ver  a 
one w ire  system?
(Paragraph)
E x p e r im en ta t io n  ; Find o th e r  ways to  connect th e  sy s tem  u s in g  two w ire s  
and draw them. Does th e  le n g th  of th e  w ire  a f f e c t  th e  system? Do b o th  
w ire s  need to  be th e  same le n g th ?
(Experiment time)
P r e d ic t io n  : Do you th in k  you can cause i n t e r a c t i o n  in  th e  system us ing
more than  two w ires?  Draw s e v e r a l  sk e tc h e s  u s in g  t h r e e ,  fo u r  and more 
w ire s  th a t  you th in k  w i l l  work.
(Drawings)
E x p e r im en ta tio n  : Now t e s t  each drawing to  see  i f  your p r e d i c t i o n  i s
c o r r e c t .  Again do no t  be concerned i f  your p r e d i c t i o n  was no t  c o r r e c t .  
Try to  e x p la in  any d i s c r e p a n c ie s  in  your p r e d i c t i o n .
(Experiment time)
I n t e r p r e t a t i o n  : S ta t e  a g e n e ra l  r u le  about how to  c o n s t r u c t  a simple
c i r c u i t .
(Pagargaph)
-145-
PHYSICAL SCIENCE * * * UNIT TWO * * * PAGE SIX
Model b u i l d i n g ; You have found t h a t  any com bination of w ire s  and w ire  
l e n g th  w i l l  produce i n t e r a c t i o n  in  a c i r c u i t  as long  as th e  dry c e l l  
i s  connec ted  to  th e  bulb a t  each o f  i t s  po le s  w ith  w ire .  T h is  type  o f
c i r c u i t  i s  c a l le d  a ' s im ple s e r i e s ’ c i r c u i t .
Your d a t a  enable you to  answer th e  fo llo w in g  q u e s t io n s :
1. What i s  th e  purpose o f  the  dry c e l l  in  a s im ple s e r i e s  c i r c u i t ?
2 . What i s  the  purpose o f  th e  bulb  in  a s im ple s e r i e s  c i r c u i t ?
3. What i s  th e  purpose of th e  w ire s  in  a  s im ple s e r i e s  c i r c u i t ?
4. What i s  th e  evidence o f i n t e r a c t i o n  between the  i tem s  of a 
system t h a t  i s  connected  in  a simple s e r i e s  c i r c u i t ?
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O b s e rv a t io n ; Examine the  o b je c t  g iven  you by your t e a c h e r .  What 
k in d s  of m a te r i a l s  do you th in k  i t  i s  made of? Why to  you th in k  th e  
p a r t s  a re  a rran g ed  as they  a re?
(O b se rv a tio n )
P r e d i c t i o n : What do you th in k  t h i s  o b je c t  can be  used  f o r  in  an
e l e c t r i c  c i r c u i t ?  Make a drawing o f  t h i s  o b j e c t  in  an e l e c t r i c  c i r c u i t .  
Make a p r e d i c t i o n  about how you th in k  i t  w i l l  work.
( P r e d ic t i o n  & Drawing)
E x p e r im e n ta t io n  : Now a rrange  an e x p e r im e n ta l  c i r c u i t  t h a t  co rresponds
to  you r  draw ing . T e s t  your p r e d i c t i o n .  I f  you p r e d ic t e d  i n c o r r e c t l y  
t r y  t o  e x p la in  why.
(Experim ent time)
Model b u i l d i n g : The o b je c t  you have been e xp er im en tin g  w ith  i s  c a l l e d
a ' k n i f e  s w i t c h ' .
Data from your experim ents  en ab le  you to  answer the f o l lo w in g .
1 .  How does a k n i fe  sw itch  work.
2 . What i s  th e  fu n c t io n  o f  a k n i f e  sw i tc h  in  a  s im ple  s e r i e s  c i r c u i t ?
E x p e r im e n ta t io n  : What d i f f e r e n c e  does i t  make as to  where you pu t th e
sw i tc h  in  you r  c i r c u i t ?  Try as many d i f f e r e n t  p la c e s  as you can th in k  
of to  answer t h i s  q u e s t io n  and re c o rd  each  o b s e r v a t io n .
(Experim ent time)
I n t e r p r e t a t i o n  : Examine s e v e r a l  d i f f e r e n t  k in d s  o f  s w i tc h e s  c a r e f u l l y .
How a re  th e y  l i k e  th e  k n ife  sw itch?  How a r e  th e y  d i f f e r e n t ?  W rite  
a p a ra g ra p h  e x p la in in g  how sw itch es  work and s t a t e  a r u l e  about th e  
o p e ra t io n  o f  s w i tc h e s .
(P arag raph)
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Model b u i l d i n g ; In  th e  type  o f  c i r c u i t  you have been working w ith  i t  
does no t  make any d i f f e r e n c e  where you put th e  s w i tc h .  I t  w i l l  c o n t ro l  
th e  c i r c u i t  by b re a k in g  th e  movement o f  e l e c t r i c i t y .  In  o th e r  words 
i t  does no t  l e t  the  e l e c t r i c i t y  move from th e  d ry  c e l l  to  th e  b u l b . When 
a sw i tch  i s  a r ran g ed  so t h a t  the  e l e c t r i c i t y  w i l l  move th e  sw itch  i s  s a id  
to  be ' c l o s e d ' .  When i t  i s  a r ra n g e d  so  t h a t  e l e c t r i c i t y  cannot move 
th rough  th e  c i r c u i t  i t  i s  s a id  to  be 'o p e n ' .
D ata  from your experim en ts  enab le  you to  answer th e  fo l lo w in g :
1. What i s  a common f e a t u r e  o f  a l l  sw i tch es?
2. D escribe  in  your own words th e  purpose  o f  a  sw itch  in  
an e l e c t r i c  c i r c u i t .
E x p er im en ta tio n  : Some l i g h t s ,  in  a h a l l  f o r  exam ple, a re  c o n t r o l l e d
by two s w i tc h e s ,  one a t  each end. T h is  c i r c u i t  i s  c o n t r o l l e d  by 
a p a i r  o f  two way s w i tc h e s .  How do you th in k  a  c i r c u i t  w ith  two 
way sw itch es  i s  b u i l t ?  Experim ent w i th  a p a i r  o f  two way sw itc h e s  to  
b u i ld  a working c i r c u i t .
(Experiment time)
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P r e d ic t i o n  : You may have wondered how the  e l e c t r i c i t y  g e ts  from th e
dry c e l l  to  the  b u lb .  You have a l re a d y  found t h a t  i t  ta k e s  two c o n ta c t s  
w ith  th e  dry  c e l l  to  make th e  bulb l i g h t .  Make a p r e d i c t i o n  about how 
you th i n k  th e  e l e c t r i c i t y  moves a long  th e  w i r e s .  Talk  to  your c la ssm a te s  
and see  what they  have p r e d i c t e d .  I s  t h e r e  more than  one p o s s i b l e  
e x p la n a t io n .  I f  so ,  w r i t e  them down to o .
( P r e d ic t io n s )
E x p e r im en ta tio n  ; The equipment used in  your experim en ts  so f a r  i s  n o t  
good enough fo r  you to  t e s t  your p r e d i c t i o n .  For t h i s  experim ent you 
need a  vacuum tu b e .  Do you know what a  vacuum i s ?  I f  n o t  be s u re  
you u n d e rs ta n d  b e fo re  you go on. The vacuum tu b e  has fo u r  w ire s  connec ted  
to  i t .  Two o f  th e  w ires  a re  connec ted  in s id e  to  a h e a t in g  e le m e n t .  One 
o f  th e  o t h e r  w ire s  i s  connec ted  to  a  l a r g e  m e ta l  p l a t e  i n s id e  th e  tu b e .
The p l a t e  has  been p a in te d  w ith  phosphorus and looks s o r t  o f  l i k e  w h ite  
p a i n t .  The o th e r  w ire  i s  connec ted  to  a sm a ll  w ire  f i la m e n t  in  th e  
c e n te r  o f  th e  tu b e .  The w ire  f i la m e n t  i s  n o t  connec ted  to  th e  m e ta l  
p l a t e .
You need to  use a dry c e l l  w ith  much more power than  the  sm all  d ry  
c e l l  you have been working w i th .  The power supp ly  used c o n v e r ts  
o rd in a ry  h oseho ld  e l e c t r i c i t y  to  th e  k in d  you n eed ,  b u t  you can th in k  of 
i t  as a very  pow erfu l dry c e l l .
F i r s t  connec t th e  h e a t in g  c o i l  so t h a t  th e  f i l a m e n t  w i l l  be h o t .  Now 
connect the  f i lam en t  to  th e  n e g a t iv e  p o le  and th e  m e ta l p l a t e  to  th e  
p o s i t i v e  p o le .  Observe c a r e f u l l y  what you see  in  th e  tu b e .  Make a 
draw ing showing how th e  tube i s  c o n s t r u c te d  and how i t  i s  connec ted  to  
t h e  power su p p ly .  You may use  the  draw ing s u p p l ie d  by your te a c h e r  to  
h e lp  you.
(Experim ent time) (Drawing)
I n t e r p r e t a t i o n  : Now change th e  w ires  a round. This  time th e  f i l a m e n t  w i l l
be connec ted  to  the  p o s i t i v e  po le  and th e  m e ta l  p l a t e  to  the  n e g a t iv e  p o le .
Make a  drawing of th e  system  now. Also make a re c o rd  o f  your o b s e rv a t io n  
o f  th e  system .
(Experim ent time) (Drawing)
I n t e r p r e t a t i o n  ; Try to e x p la in  any d i f f e r e n c e s  you observed  in  t h e  two
arrangem en ts  of the  system. Do you th in k  th e  e l e c t r i c i t y  i s  the  same
kind  in  bo th  w ires?
(P aragraph)
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Model b u i l d i n g ; In  o rd e r  f o r  th e  e l e c t r i c i t y  to  move som ething must 
have happened between th e  f i la m e n t  and the  m etal p l a t e .  You w i l l  
remenijer t h a t  o p p o s i te  charges  a t t r a c t  each o th e r .  When th e  f i la m e n t  
i s  hot and connected  to  th e  n e g a t iv e  p o le ,  th e  e l e c t r i c i t y  i s  ready  to  
go somewhere. S ince  th e  m eta l p l a t e  i s  p o s i t i v e l y  charged ,  a t t r a c t i o n  
occurs  and th e  e l e c t r i c i t y  moves from th e  f i la m e n t  to  th e  p l a t e .  This 
causes  th e  phosphorus to  glow. A f te r  the  e l e c t r i c i t y  g e ts  on th e  p l a t e  i t  
i s  a t t r a c t e d  to  th e  p o s i t i v e  po le  o f  th e  power su p p ly .  In  o th e r  words, 
th e  e l e c t r i c i t y  makes a  round t r i p .  Do you u n d e rs tan d  now why you must 
always have two w ire s  to  make an e l e c t r i c a l  c i r c u i t ?
E xperim en ta tion  : You have conducted s e v e r a l  experim ents  u s in g  an
o rd in a ry  f l a s h l i g h t  d ry  c e l l .  You have found t h a t  a dry c e l l  w i l l  supply  
e l e c t r i c i t y  to  l i g h t  a b u lb .  You may be f a m i l i a r  w ith  th e  b a t t e r y  in  a 
c a r .  I t  s u p p l ie s  e l e c t r i c i t y  to  l i g h t  th e  l i g h t s ,  honk th e  h o rn ,  s t a r t  
th e  ca r  and p lay  th e  r a d io .  Can you th in k  o f  a n y th in g  e l s e  th e  b a t t e r y  
su p p l ie s  e l e c t r i c i t y  fo r  in  your car?
In t h i s  experim ent you are  going to  t r y  to  f in d  out how a b a t t e r y  w orks .
You w i l l  need a p ie c e  of magnesium, a p ie c e  of b r a s s ,  a b e a k e r ,  a f l a s h l i g h t  
b u lb ,  some v in e g a r  and a l l  the  w ire  you need . Be c a r e f u l  no t  to  g e t  any 
v in e g a r  in  your e y e s .  I f  you do, wash them w ith  p le n ty  of w a te r .
Using what you have  le a rn e d  about sim ple c i r c u i t s ,  see i f  you can f in d  
a way to  make t h e  system  i n t e r a c t .  You know th a t  th e  l i g h t  w i l l  glow to 
p rov ide  ev idence o f  i n t e r a c t i o n .
(Experiment time)
Make a drawing o f  your system  and l a b e l  a l l  th e  p a r t s  in  th e  system . 
(Drawing)
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Model b u i l d i n g : You have now made a 'w et c e l l '  t h a t  i s  very  s i m i l a r  to
th e  b a t t e r y  in  your c a r .
E xperim en ta tion  ; O btain  s e v e r a l  d i f f e r e n t  ty p e s  of m e ta ls  and se e  what 
happens when they  a re  used to  make a wet c e l l .  Which com binations  o f  
m e ta ls  are  th e  b e s t?  What happens when you use the  same m e ta l  f o r  
bo th  p o le s  of th e  wet c e l l ?
(Experiment time)
Model b u i l d i n g : You have found t h a t  a wet c e l l  can be made from two
d i s s i m i l a r  m e ta ls  and v in e g a r .
E xperim en ta tion  ; Chemists c a l l  v in e g a r  an a c id .  Experiment w i th  some 
o th e r  ac id s  to  see  i f  th e y  w i l l  a l s o  make a wet c e l l .  Then t r y  s o lu t i o n s  
o f  b a se s  and s a l t s .  Note a l l  your o b s e rv a t io n s .
(Experiment time)
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Model b u i ld in g  ; You have found t h a t  a wet c e l l  can be made from two 
d i s s i m i l a r  m e ta ls  and a s o l u t i o n  o f  a c i d ,  b a se  o r  s a l t .  Chemists say 
th e  reason  th e s e  s o l u t i o n s  work i s  t h a t  th e r e  a r e  ' i o n s '  in  th e  
s o l u t i o n .  The io n s  a re  sm a ll  charged  p a r t i c l e s  t h a t  a r e  s i m i l a r  to  th e  
charged rods  you used  in  e x p e r im en t in g  w ith  s t a t i c  e l e c t r i c i t y .
E xperim en ta tion  : You may be w ondering how th e  c e l l  w orks. To f in d
out something about a wet c e l l ,  b u i l d  one of th e  ones t h a t  worked th e  
b e s t  f o r  you. ( I t  p ro b ab ly  i s  b e s t  to  u se  b r a s s ,  magnesium and v in e g a r . )  
Leave th e  l i g h t  b u rn in g  and see i f  you can see  an y th in g  happening  to  
th e  wet c e l l .  Record e v e ry th in g  you o b se rv e .  Be s u re  you watch fo r  
a long enough tim e t h a t  you f e e l  s u re  you a re  c o r r e c t .
(Experiment time)
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îfodel b u i l d in g  ; You have found t h a t  i f  you leav e  th e  wet c e l l  hooked 
up to  th e  bulb  fo r  a long enough tim e t h a t  one o f  th e  m e ta ls  seems to  
d i s s o lv e  in  th e  s o lu t io n  and th e  o th e r  one seems to  g e t  l a r g e r .  
S c i e n t i s t s  c a l l  th e  e l e c t r o d e  t h a t  d i s s o lv e s  in  th e  s o l u t i o n  a 'c a t h o d e '  
and th e  one t h a t  g e ts  l a r g e r  an ' a n o d e ' .  The cathode co r re sp o n d s  to  
th e  ' - '  p o le  and th e  anode co rresp o n d s  to  th e  '+ '  pose o f  th e  d ry  c e l l  
you have worked w ith .
E x p e r im e n ta t io n  ; Continue to  l e t  th e  bulb b u m  and observe  what happens, 
(Experim ent time)
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Model b u i l d i n g ; You found t h a t  e v e n t a l l y  a l l  o f  the  cathode d i s s o lv e s  
i n  th e  s o l u t i o n .  When th a t  happens th e  b u lb  s to p s  b u rn in g .  This  i s  
known as th e  wet c e l l  ' r u n n in g  down'.
BACKGROUND INFORMATION:
You have found t h a t  d i f f e r e n t  com binations  o f  m a te r i a l s  w i l l  cause  th e  
lamp to  b u m  a t  d i f f e r e n t  i n t e n s i t i e s .  You might say  t h a t  th e  b r i g h t e r  
th e  lamp b u m s ,  th e  more power the  b a t t e r y  h a s .  An I t a l i a n  s c i e n t i s t ,  
A lessandro  V o lta  was th e  f i r s t  p e rso n  to  develop a wet c e l l .  In  h i s  
h o n o r ,  th e  power you observed  has been named ' v o l t ' .  You may have heard  
t h i s  word b e f o r e .  O rd inary  househo ld  e l e c t r i c i t y  i s  110 v o l t s .
DISCOVERY (C on t 'd )
Experim enta i on : You may have wondered 
c e l l  w ith  a h ig h e r  v o l ta g e  than  you have done so f a r .  Experiment w ith  
two wet c e l l s  to  see  i f  you can make a com bination t h a t  has more 
v o l ta g e  than  a  s in g l e  wet c e l l .
(Experiment tim e)
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Model b u i l d i n g ; You have found t h a t  when you connect two c e l l s  to g e th e r  
in  a c e r t a i n  way you can produce more v o l ta g e .  When two o r  more c e l l s  a re  
connected  to g e th e r  in  t h i s  way s c i e n t i s t s  say you have a 'b a t t e r y * .
O bse rv a tio n  ; Examine an o rd in a ry  au tom obile  b a t t e r y  c a r e f u l l y .
What ev idence can you f in d  i n  i t s  c o n s t r u c t io n  t h a t  su p p o r ts  th e  d a ta  
you have c o l le c te d ?
(Evidence)
I n t e r p r e t a t i o n  ; Peop le  commonly c a l l  an ordinairy f l a s h l i g h t  dry  c e l l  
a  b a t t e r y .  W rite  an e x p la n a t io n  o f  why they  a r e  no t  e x a c t ly  c o r r e c t .
(Paragraph)
O b s e rv a t io n : O btain  a  dry c e l l  t h a t  has been opened by your t e a c h e r .
Examine i t  c lo s e ly  and sk e tc h  what you o b se rv e .  How i s  a  dry c e l l  
s i m i l a r  to  a wet c e l l ?  How i s  i t  d i f f e r e n t ?
(O bserva tion  & Drawing)
Model b u i l d i n g : A ' dry c e l l*  i s  s im i l a r  to  a wet c e l l  excep t t h a t  i t
i s  made o f  d i f f e r e n t  k inds  o f  m a te r i a l s .
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E x p er im en ta tio n  ; In  t h i s  experim en t you w i l l  more c lo s e ly  examine 
th e  movement of e l e c t r i c i t y  th rough  a c i r c u i t .  You w i l l  be using  
an in s t ru m e n t  d es igned  to  measure th e  amount o f  c u r r e n t  in  a c i r c u i t .  
The m e te r  i s  c a l i b r a t e d  in  u n i t s  c a l l e d  ’ am peres’ . The ampere i s  
s e l e c t e d  in  honor o f  uhe g r e a t  French s c i e n t i s t  Andre Ampere.
P la c e  th e  ammeter in  your c i r c u i t  o f  one d ry  c e l l  and one b u lb .  P la c e  
a s w i tc h  i n  your c i r c u i t  a l s o .  Be c a r e f u l  to  connect th e  ’+ ’ marked 
on th e  ammeter to  th e  anode and th e  ’ - '  to  th e  ca thode . B efore  
c lo s in g  th e  sw itch  ask  your te a c h e r  to  i n s p e c t  your c i r c u i t .  Now 
c lo s e  th e  sw itch  and observe th e  ammeter. Make a reco rd  o f  how much 
c u r r e n t  i s  flow ing  in  your c i r c u i t .  A lso n o te  how b r ig h t  th e  bulb 
i s  g low ing.
(Experim ent time)
Next t r y  to  f in d  out what happens when more b u lb s  a re  added to  your 
c i r c u i t .  Add a bulb to  the  c i r c u i t  in  such a way t h a t  a l l  the  
e l e c t r i c i t y  must go through b o th  b u lb s .  Close th e  sw itch  and make 
a r e c o rd  of the  re a d in g  on the  ammeter. Also n o te  what has  happened 
to  th e  b r ig h tn e s s  o f  each b u lb .
(Experim ent time)
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Model b u i l d i n g : When you have tw ice  as many b u lb s  in  th e  c i r c u i t
each one b u m s  h a l f  as b r i g h t .  Also two b u lb s  w i l l  a l low  o n ly  h a l f  
th e  c u r r e n t  to  move th rough  th e  c i r c u i t .  I t  i s  tw ice  as h a rd  f o r  th e  
e l e c t r i c i t y  t o  get th rough  two bulbs  as i t  i s  to  move th ro u g h  one . 
S c i e n t i s t s  c a l l  t h i s  p ro p e r ty  o f  the  b u lb  ' r e s i s t a n c e ' .  When two 
o r  more r e s i s t a n c e s  a re  co nnec ted  so t h a t  a l l  th e  c u r r e n t  must flow
th ro u g h  each one i t  i s  c a l l e d  a  ' s e r i e s  c i r c u i t ' .
P r e d i c t i o n  ; P r e d ic t  what you th in k  th e  ammeter w i l l  r e a d  when you
have t h r e e  b u lb s  ( t h r e e  t im es  as much r e s i s t a n c e )  in  th e  same
s e r i e s  c i r c u i t .
( P r e d ic t io n )
E x p e r im e n ta t io n  ; Now t e s t  your p r e d i c t i o n  u s in g  an ammeter to  m easure 
th e  c u r r e n t .
(Experim ent tim e)
I n t e r p r e t a t i o n  ; W rite  a parag raph  t h a t  e x p la in s  the  r e l a t i o n s h i p  you 
have found between th e  r e s i s t a n c e  in  a s e r i e s  c i r c u i t  and th e  amount of 
c u r r e n t  f low ing  th rough  th e  c i r c u i t .
(P arag raph)
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Concept ; Adding r e s i s t a n c e s  i n  s e r i e s  to  a  c i r c u i t  causes  a  d e c re ase  
in  th e  amount of c u r re n t  f low ing i n  th e  c i r c u i t .
Understanding th e  c o n c e p t ; Data from your e x p lo ra t io n  a llow s you to  
answer th e  fo llo w in g  q u e s t io n s .
1 .  How i s  a  s e r i e s  c i r c u i t  c o n s tru c ted ?
2. What does th e  te rm  ' r e s i s t a n c e '  mean in  connec tion  w ith  
an e l e c t r i c  c i r c u i t ?
3. Ifhat can you do to  a s e r i e s  c i r c u i t  to  in c r e a s e  the  amount o f  
current f low ing  through the  c i r c u i t ?
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DISCOVERY
P r e d i c t i o n ; Now go back to  your o r i g i n a l  c i r c u i t  w i th  one dry  c e l l  
and one b u lb .  P r e d ic t  what w i l l  happen when you connect two d ry  c e l l s  
in  s e r i e s  to  power your c i r c u i t .  What do you th in k  th e  ammeter w i l l  
read?
( P re d ic t io n )
E x p er im en ta tio n  : T e s t  you r  p r e d i c t i o n  by m easuring  th e  c u r r e n t  in  t h i s
c i r c u i t  u s in g  an ammeter.
(Exneriment time)
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Model b u i ld in g ; You have found when you add a  second d ry  c e l l  to  th e  
c i r c u i t  in  s e r i e s  th a t  th e  c u r re n t  i s  doub led . Adding d ry  c e l l s  in  
s e r i e s  to  a  c i r c u i t  in c re a s e s  th e  v o lta g e  o f  th e  c i r c u i t .  I t  a ls o  
in c re a s e s  th e  c u r re n t  flow ing  in  th e  c i r c u i t .
P r e d ic t io n ; P re d ic t  what w i l l  happen when you p la c e  th r e e  o r  more 
d ry  c e l l s  in  your s e r i e s  c i r c u i t  o f  one b u lb .
(P re d ic t io n )
E x p erim en ta tio n  : Now t e s t  your p r e d ic t io n  u s in g  an ammeter to  m easure
th e  c u r r e n t .
(Experim ent tim e)
I n t e r p r e t a t i o n : W rite  a p a rag rap h  th a t  e x p la in s  th e  r e l a t io n s h ip  betw een
th e  number of d ry  c e l l s  conn ec ted  in  s e r i e s  ( th e  v o lta g e )  and th e  
c u r re n t  in  th e  c i r c u i t .
(Paragraph)
P re d ic t io n  : Now make a p r e d ic t io n  about th e  amount o f c u r re n t  th a t
w i l l  flow  in  th e  c i r c u i t  when you connect two dry c e l l s  and two b u lb s  
in  s e r i e s .
(P re d ic t io n )
E x p erim en ta tio n  : Now t e s t  your p r e d ic t io n  by b u i ld in g  th e  c i r c u i t  and
make a reco rd  o f th e  re a d in g  of th e  ammeter. Did you p r e d ic t  c o r r e c t ly .  
I f  n o t ,  can you e x p la in  why you p r e d ic te d  wrongly?
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EXPLORATION
E x p erim en ta tio n  ; T here i s  a n o th e r  way to  connect two b u lb s  and one 
d ry  c e l l  o th e r  th an  in  s e r ie s  th a t  w i l l  show ev id en ce  o f  i n t e r a c t io n .  
F ind a way th a t  i s  d i f f e r e n t  from your s e r i e s  c i r c u i t . How b r ig h t  i s  
each  b u lb  glow ing in  t h i s  c i r c u i t ?  How i s  t h i s  d i f f e r e n t  from th e  
s e r i e s  c i r c u i t  o f two b u lb s?
(E xperim ent tim e)
Model b u i ld in g ; The type  o f c i r c u i t  in  which each bulb  i s  connected
to  each p o le  o f a  c e l l  i s  known as a  'p a r a l l e l  c i r c u i t ' .
P r e d ic t io n ; P re d ic t  what w i l l  happen to  th e  b r ig h tn e s s  o f each bulb
when a t h i r d  bu lb  i s  added in  p a r a l l e l  to  your c i r c u i t .
(P re d ic t io n )
E x p erim en ta tio n  : T e s t your p r e d ic t io n  by b u i ld in g  th i s  c i r c u i t .
(E xperim ent tim e)
P re d ic t io n  : What do you th in k  about th e  t o t a l  c u r re n t  su p p lie d  by th e
d ry  c e l l  in  a p a r a l l e l  c i r c u i t ?  Make a p r e d ic t io n  by com paring th e  
c u r re n t  s u p p lie d  by th e  dry c e l l  to  one bulb  to  what you th in k  i t  w i l l  
be fo r  a d d i t io n a l  b u lb s  connec ted  in  p a r a l l e l .
(P re d ic t io n )
E x p erim en ta tio n  : Now t e s t  your p re d ic t io n  u s in g  an ammeter to  m easure
th e  t o t a l  c u r r e n t .  Be su re  to  p la c e  th e  ammeter betw een th e  dry c e l l  
and th e  b u lb s  b e fo re  th e  c i r c u i t  b ran ch es.
(E xperim ent tim e)
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INVENTION
Concept ; In  a  p a r a l l e l  c i r c u i t  a l l  th e  b u lb s  b u m  e q u a l ly  as b r ig h t  
no m a tte r  how many bu lb s  a re  added. The c u r re n t  f lo w in g  th ro u g h  each  
b ran ch  o f  th e  c i r c u i t  I s  th e  same b ecau se  th e  b r ig h tn e s s  s ta y s  th e  same.
U nderstand ing  th e  c o n c e p t: D ata from your e x p lo ra t io n  a llo w s you to
answ er th e  fo llo w in g  q u e s tio n s .
1 . How I s  a p a r a l l e l  c i r c u i t  c o n s tru c te d ?
What happens to  th e  t o t a l  c u r re n t  In  th e  p a r a l l e l  c i r c u i t  
as a d d i t io n a l  r e s i s ta n c e s  a re  added?
What happens to  th e  c u r re n t  in  each b ranch  of th e  p a r a l l e l  
c i r c u i t  as a d d i t io n a l  r e s is ta n c e s  a re  added?
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DISCOVERY
E x p erim en ta tio n  : T here i s  an o th e r way to  b u i ld  p a r a l l e l  c i r c u i t s .
T h is  tim e s t a r t  w ith  your o r ig in a l  c i r c u i t  o f  one dry c e l l  and one 
b u lb . Add a second dry  c e l l  to  your c i r c u i t  in  p a r a l l e l  by co n n ec tin g  
th e  two anodes and th e  two ca th o d e s . What happens to  th e  b r ig h tn e s s  
of th e  bu lb?
(E xperim ent tim e)
P r e d ic t i o n ; P r e d ic t  th e  amount o f c u r re n t  s u p p lie d  by th r e e  o r  more 
d ry  c e l l s  connected  in  p a r a l l e l  to  your o r ig i n a l  c i r c u i t  o f one dry 
c e l l  and one b u lb .
(P re d ic t io n )
Exper im e n ta t io n  : T e s t your p r e d ic t io n  by b u i ld in g  th e se  c i r c u i t s .  
(E xperim ent tim e)
Model b u i l d in g : The t o t a l  amount o f c u r r e n t  s u p p lie d  by two o r  more
dry c e l l s  connected  in  p a r a l l e l  rem ains th e  same as f o r  one d ry  c e l l .
P r e d ic t io n  : P re d ic t  th e  amount o f  c u r re n t  s u p p lie d  by each of th e
dry c e l l s  in  a p a r a l l e l  c i r c u i t  compared to  th e  t o t a l  amount in  th e  
c i r c u i t .
(P re d ic t io n )
E x p e rim en ta tio n  : T e s t your p r e d ic t io n  by m easuring  th e  amount o f
c u r re n t  s u p p lie d  by each dry c e l l  in  a p a r a l l e l  c i r c u i t  u s in g  an ammeter.
(E xperim ent tim e)
Model b u i ld in g : The t o t a l  amount o f c u r r e n t  su p p lie d  by dry  c e l l s
conn ec ted  in  p a r a l l e l  i s  even ly  d i s t r i b u t e d  among th e  c e l l s .
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P r im i t iv e  men u n d e rs to o d  v ery  l i t t l e  about l i g h t  and s ig h t .  Of co u rse  
th e y  knew t h a t  th ey  saw w ith  t h e i r  e y e s , and th a t  th e y  cou ld  no t see  
w ith o u t l i g h t .  Some o f t h e i r  id e a s  m ight seem s t r a n g e  to  you now.
For exam ple, th ey  d id  n o t th in k  o f  l i g h t  coming from o b je c ts  and 
e n te r in g  th e  e y e s . R a th e r , th e y  th o u g h t o f  th e  eyes as somehow reac h in g  
o u t to  g rasp  w hatever i s  s e e n . And e a r ly  men th o u g h t th a t  d ark n ess  
comes becau se  i t  i s  n ig h t !
EXPLORATION
O b se rv a tio n ; You w i l l  b eg in  your s tu d y  o f  l i g h t  by d is c o v e r in g  one 
o f th e  fundam ental p r o p e r t i e s  o f  l i g h t .  S e t up th r e e  ca rd s  w ith  a 
h o le  punched in  eac h . A d ju st th e  ca rd s  so t h a t  a l i g h t  beam from 
a f l a s h l i g h t  sh in e s  th ro u g h  a l l  th r e e  h o le s .  Make a re c o rd  o f  your 
o b s e rv a tio n .
(O b se rv a tio n )
E x p e rim en ta tio n  : Now remove th e  f l a s h l i g h t  and look  a t  an o b je c t
th rough  a l l  th r e e  h o le s .  Try d i f f e r e n t  a rrangem en ts  o f th e  c a rd s .
What c o n d itio n  must e x i s t  b e fo re  you a re  ab le  to  s e e  th e  o b je c t  th rough  
th e  h o le s  in  th e  ca rd s?  What does t h i s  t e l l  you?
(E xperim ent tim e)
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C oncept: L ig h t t r a v e l s  in  s t r a i g h t  l i n e s .
U nderstand ing  th e  c o n c e p t: D ata from your e x p lo ra t io n  e n ab le  you to
answ er th e  fo llo w in g  q u e s tio n s .
1. How does a beam of l i g h t  from a  f l a s h l ig h t  t r a v e l  th ro u g h  
th e  h o le s  in  th e  th re e  ca rd s?
2. How can l i g h t  from an o b je c t  be seen  th rough  th e  th r e e  h o le s  
in  th e  cards?
3. What e f f e c t  on se e in g  an o b je c t i s  produced when th e  h o le s  
a re  no t in  a s t r a i g h t  l in e ?
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I n te r p r e t a t i o n  : Suppose you look a t  an o b je c t  such as a p e n c i l .  You
see  i t  becau se  l i g h t  t r a v e l s  in  a s t r a i g h t  l i n e  from th e  p e n c i l  to  
your e y e s . You see  i t  th e r e  in  f r o n t  o f you . You reach  out and can 
touch  i t .  T h is ev idence  shows th a t  l i g h t  t r a v e l s  in  s t r a i g h t  l i n e s . 
I f  l i g h t  d id  no t t r a v e l  in  s t r a i g h t  l i n e s  you would n o t b e  a b le  to  
touch  i t .  Things would n o t a c tu a l ly  be w here you see  them w ith  your 
ey e s . W rite  a parag rap h  g iv in g  your r e a c t io n  to  t h i s  s ta te m e n t.
(P arag raph )
Now c o n s id e r  an o th e r p ie c e  o f ev id e n c e . A sim p le  p in h o le  camera w i l l  
allow  l i g h t  to  form an image on th e  f i lm . I f  l i g h t  d id  no t t r a v e l  in
s t r a i g h t  l i n e s  i t  would be im p o ss ib le  to  form an image on th e  f i lm . T his 
i s  p ro o f th a t  l i g h t  t r a v e l s  in  s t r a i g h t  l i n e s .  W rite  a p a rag rap h  g iv in g  
your r e a c t io n  to t h i s  ev id en ce .
(P arag raph )
Now s t a r t  w ith  th e  assum ption  th a t  l i g h t  t r a v e l s  in  s t r a i g h t  l i n e s .  
Use t h i s  assum ption  in  a l l  your e x p la n a tio n s  and p r e d ic t io n s  about 
l i g h t .  So long  as your assum ption  does n o t le a d  to  c o n t ra d ic t io n  
i t  must be r i g h t .  W rite  a p arag raph  g iv in g  your r e a c tio n  to  th i s  
s ta te m e n t .
(P arag raph )
—166-
PHYSICAL SCIENCE * * * UNIT THREE * * * PAGE FIVE
E x p e rim en ta tio n  ; You need a p e r f e c t ly  f l a t  m ir ro r .  Such a m ir ro r  I s  
c a l le d  a  'p l a n e ' m ir ro r .  See I f  you can f ig u re  o u t why. A m ir ro r
abou t 10 cm. by 15 cm. I s  about r i g h t .  You a ls o  need  a p ie c e  o f
ca rd b o a rd . S tand  th e  m irro r  on end on th e  p a p e r . Draw a  l i n e  on th e  
p a p e r  to  re p re s e n t  th e  m ir ro r .  Now p la c e  th r e e  s t r a i g h t  p in s  In  a
s t r a i g h t  l i n e  as shown in  th e  d raw ing .
Be su re  th e  l i n e  makes an an g le  w ith  th e  m ir ro r .  T hat l i n e  sh o u ld  
touch  the  l i n e  r e p r e se n t in g  th e  m ir r o r .  Now move to the  s id e  o f  th e  
m irro r  o p p o s i te  to where the p in s  a re .  Look in t o  the m irror . You 
should  se e  r e f l e c t i o n s  o f  the th r ee  p in s  a l l  in  a s t r a i g h t  l i n e .  You 
a re  se e in g  l i g h t  le a v in g  th e  m ir ro r .  T hat i s  r e f l e c t e d  l i g h t .  S t ic k  
th r e e  p in s  In  th e  ca rdboard  so th ey  l i n e  up e x a c t ly  w ith  th e  r e f l e c t i o n s  
o f  th e  p in s .  Draw a l i n e  th ro u g h  th e  p in  h o le s .  T hat l i n e  sh o u ld  
I n te r s e c t  th e  l i n e  which r e p re s e n ts  th e  m ir ro r .  You now have two 
l i n e s  which touch  th e  m irro r  l i n e .  Those l i n e s  sh o u ld  a ls o  touch  
each o th e r .  Where do th ey  touch?
(E xperim ent tim e)
I n t e r p r e t a t i o n  : The diagram  you drew on your p ap er a re  yo u r d a ta .  The
d a ta  re p re s e n t  l i n e s  and a n g le s . About th e  o n ly  way to  I n t e r p r e t  l i n e s  
and an g le s  i s  to  m easure them . What can you m easure h ere?  What do you 
need  to  know to  make th o se  m easurem ents?
Draw a l i n e  p e rp e n d ic u la r  to  th e  p o in t w here th e  ray s  i n t e r s e c t  th e  
m ir ro r .  T h is  l i n e  I s  c a l le d  a 'n o rm a l ' .  Make th e  m easurem ents o f 
th e  an g les  from  th e  norm al. Make a re c o rd  o f your d a ta .
E x p erim en ta tio n  : Get a c le a n  p ie c e  o f  p a p e r . Make th e  m easurem ents
a g a in . Use a d i f f e r e n t  ang le  betw een th e  p in s  and th e  m ir ro r .  Compare 
your r e s u l t s  w ith  th o se  of your f r i e n d s .  Remember th e  d iagram  you draw 
I s  your d a ta .
(E xperim ent tim e)
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I n t e r p r e t a t i o n  ; The m easurem ents you have made have t o l d  you som ething 
v e ry  d e f i n i t e .  You have j u s t  found an e v en t th a t  happens o v e r  and 
o v er a g a in .  In  o th e r  words th e  d a ta  a re  re p ro d u c ib le .  You and your 
c la s sm a te s  sh o u ld  make a  c a r e fu l  s ta te m e n t o f you r f in d in g .  I n  making 
t h a t  s ta te m e n t u se  'e n te r in g  l i g h t '  fo r  th e  l i g h t  s t r i k i n g  th e  m ir ro r  
from th e  p in s .  Use 'r e f l e c t e d  l i g h t '  f o r  th e  l i g h t  le a v in g  th e  m ir ro r .  
Be s u re  to  make a c a r e fu l  re c o rd  o f  your s ta te m e n t about e n te r in g  l i g h t  
and r e f l e c t e d  l i g h t .
(P arag rap h )
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Concept ; You have found th a t  th e  an g le  o f  th e  'e n te r in g  l i g h t ' 
i s  always e q u a l to  th e  an g le  o f th e  'r e f l e c t e d  l i g h t ' .  T his 
r e la t io n s h ip  i s  known as th e  'Law o f R e f l e c t io n '.
U nderstand ing  th e  C oncep t; D ata from your e x p lo ra tio n  en a b le  you 
to  answer th e  fo llo w in g  q u e s tio n s .
1 . How do o b je c ts  th a t  a re  smooth and sh in y  r e f l e c t  l i g h t  
d i f f e r e n t ly  th a n  o b je c ts  th a t  a re  rough and d u ll?
2 . How are l i g h t  rays r e f l e c t e d  from a smooth su r face?
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E x p erim en ta tio n  : You have found th a t  when l i g h t  i s  r e f l e c te d  i t  fo llo w s
c e r t a in  p a th s .  You w i l l  now do a n o th e r  exp erim en t to  h e lp  you u n d e rs ta n d  
how l i g h t  i s  r e f l e c t e d .  D octor A lb e r t E in s te in  s a id  t h a t  N atu re  i s  n o t 
m isch iev o u s. He sim ply  meant t h a t  th e r e  i s  a p a t t e r n  to  what happens in  
th e  w o rld . In  th e  experinem t which fo llo w s , you w i l l  f in d  a p a t te r n  
fo r  l i g h t  r e f l e c t i o n s .
You need a  sm ooth, h a rd  s u r f a c e .  A smooth doo r o r  o th e r  wooden, t i l e d  
o r  g la ss  s u r fa c e  w i l l  do. You a lso  need  a  g o l f  o r  te n n is  b a l l .  Lay 
a  la rg e  p ie c e  o f p ap e r in  f r o n t  o f  th e  s u r f a c e .  Be s u re  th e  su r fa c e  
i s  p e r f e c t ly  sm ooth. R o ll th e  b a l l  in to  th e  h a rd  s u r f a c e .  Do n o t 
r o l l  i t  s t r a i g h t  in to  th e  s u r f a c e ,  r a th e r  u se  an a n g le . Mark th e  
p o in t  a t  w hich you s t a r t  th e  b a l l .  C o n cen tra te  upon th e  p o in t where 
th e  b a l l  s t r i k e s  th e  s u r f a c e .  R o ll th e  b a l l  in to  th e  s u r fa c e  enough 
tim es so you can mark th e  p o in t i t  s t r i k e s .  Always s t a r t  th e  b a l l  a t  
th e  same p o in t .  A f te r  you know where th e  b a l l  s t r i k e s  draw a l in e  
between th a t  p o in t and th e  s t a r t i n g  p o in t .
Now c o n c e n tra te  upon what happens to  th e  b a l l  a f t e r  i t  h i t s  th e  s u r f a c e .  
Watch th e  b a l l  le a v e  th e  s u r fa c e  s e v e ra l  t im e s . Watch i t  u n t i l  you can 
draw a l i n e  th a t  shows i t s  p a th  as i t  le a v e s .  Now draw a l i n e  on th e  
p ap er to  r e p re s e n t  th e  s u r f a c e .  T hat l i n e  shou ld  go th rough  th e  p o in t  
where th e  b a l l  h i t  th e  s u r f a c e .
(Experim ent tim e)
Model b u i ld in g : You now have a d iagram  which r e p r e s e n ts  your ex p erim en t.
Your diagram  i s  you r d a ta .  What m easurem ents can you make on i t ?  Study 
your d iagram . What does i t  t e l l  you abou t how th e  b a l l  was r e f le c te d  
from th e  su rfa c e ?  What does th e  answer to  th e  l a s t  q u e s tio n  t e l l  you 
about how l i g h t  i s  r e f le c te d ?  W rite  a p a rag rap h  about th i s  model you 
have b u i l t  about th e  r e f l e c t i o n  o f  l i g h t .
(P arag raph)
P re d ic t io n  ; You have b u i l t  a model about th e  r e f l e c t i o n  o f l i g h t  from 
a smooth s u r f a c e .  You have found th a t  th e  b a l l  w i l l  bounce o f f  th e  
s u r fa c e  a t  th e  same ang le  a t  which i t  h i t  th e  s u r f a c e .  Now p la c e  a 
p ie c e  of s o f t  m a te r ia l  in  f ro n t  o f th e  h a rd  s u r f a c e .  Be su re  th e  
m a te r ia l  i s  th ic k  and i t s  s u r fa c e  i r r e g u l a r .  P r e d ic t  what w i l l  happen 
i f  you r o l l  th e  b a l l  in to  th e  i r r e g u l a r  m a te r ia l .  Then t e s t  your 
p r e d ic t io n .
(P re d ic t io n  & experim en t)
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I n t e r p r e t a t i o n  : You have found th a t  l i g h t  w i l l  bounce o f f  a  hard  s u r fa c e
a c c o rd in g  to  a p a t t e r n .  Compare t h a t  p a t t e r n  to  th e  way l i g h t  i s  
r e f l e c t e d  from a m ir ro r .  How a re  th o se  p a t te r n s  a l ik e ?  How a re  they  
d i f f e r e n t?  To f in d  th e  p a t t e r n  you bounced th e  b a l l s  o f f  o f a  hard  
s u r f a c e .  To make th e  b a l l s  move, you gave them en e rg y . L ig h t i s  
en e rg y . What ty p e  o f r u le  can you make about th e  r e f l e c t i o n  o f  energy?
(P arag rap h )
E x p e rim en ta tio n  ; You a re  becom ing f a m i l i a r  w ith  th e  image produced by 
a p la n e  m ir ro r .  You a re  now ready  to  exam ine th e  image more c lo s e ly .  
Where i s  th e  image th a t  you see?  I s  i t  r e a l l y  in  th e  m ir ro r .  The 
fo llo w in g  experim en t w i l l  g iv e  you th e  d a ta  you n eed .
S tand  a  m ir ro r  on a p ie c e  o f graph  p a p e r . Now draw a t r i a n g le  on th e  
graph pap er in  f ro n t  of th e  m i r r o r .  I t  shou ld  be a s c a le n e  t r i a n g l e .  
Now look  a t  th e  t r i a n g le  in  th e  m ir ro r .  l-Jhat you see  i s  th e  image of 
th e  t r i a n g l e .  Where does th e  image appear? Does i t  appear as f a r  
beh ind  th e  m irro r  as th e  o r ig i n a l  i s  in  f ro n t  o f th e  m irro r?  I s  th e  
image la r g e r  o r  s m a lle r  th a n  th e  o b je c t?
(E xperim ent tim e)
Model b u i ld in g ; The image th a t  i s  r e f l e c t e d  appears  to  be j u s t  as f a r  
b eh ind  th e  m ir ro r  as th e  o b je c t  i s  in  f r o n t  o f  th e  m ir ro r .  The image 
ap p ea rs  to  be th e  same s i z e  as th e  o b je c t .
E x p erim en ta tio n  ; What do you o b serv e  about th e  r e la t io n s h ip  o f th e  
o b je c t  to  th e  im age. Hold y o u r r i g h t  hand up to  th e  m ir ro r  and observe 
th e  r e f l e c t i o n .  I s  th e  r e f l e c t i o n  l i k e  your r ig h t  o r  your l e f t  hand?
(E xperim ent tim e)
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Model b u i ld in g ; The image r e f l e c t e d  from  a  p la n e  m ir ro r  i s  re v e rse d  
from s id e  to  s id e  from th a t  o f th e  o b je c t .  T h is  image i s  c a l le d  a 
' v i r t u a l '  image as th e  l i g h t  does n o t pass th ro u g h  th e  ap p a re n t 
p o s i t io n  o f th e  im age. Be su re  you u n d e rs tan d  w hat a v i r t u a l  image 
i s  and a re  ab le  to  d e s c r ib e  how i t  i s  p roduced .
I n t e r p r e t a t i o n  ; Not a l l  s u r fa c e s  a re  smooth and s h in y .  You a re  aware 
t h a t  m ost s u r fa c e s  a re  rough . Does r e f l e c t i o n  o ccu r from  rough s u r fa c e s ?  
You may have seen  p h o tog raphs o f th e  s u r f a c e  o f  th e  moon. I s  i t  smooth 
o r  rough? The moon and th e  p la n e ts  sh in e  by r e f l e c t e d  l i g h t .  How i s  
l i g h t  r e f l e c te d  from such  a  rough s u r f a c e .  W rite  a p a ra g ra p h  e x p la in in g  
why you th in k  you a re  n o t a b le  to  see  an image r e f l e c t e d  from  a rough 
s u r fa c e .
(P arag raph )
Model b u i ld in g ; The Law of R e f le c tio n  i s  t r u e  even fo r  rough s u r f a c e s .  
Due to  t h e i r  i r r e g u l a r i t y ,  how ever, no d i s t i n c t  p a t t e r n  i s  r e f l e c t e d .  
The l i g h t  ray s  a re  s c a t t e r e d  in  many d i r e c t i o n s .  T h is  i s  known as 
'd i f f u s i o n ' .
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O b se rv a tio n : P la c e  an o b je c t  such as a  p e n c i l  in  a b e a k e r  o f  w a te r .
What do you o b se rv e . How does th e  o b je c t  appear a t  th e  w a te r  l in e ?
(O b se rv a tio n )
E x p erim en ta tio n  ; In  t h i s  experim en t you need ca rd b o a rd , p in s ,  and p ap er 
j u s t  as you d id  in  th e  m ir ro r  e x p e rim en t. You a lso  need  a p ie c e  o f th i c k  
g la s s .  Any th ic k n e s s  w i l l  do b u t th e  th i c k e r  th e  b e t t e r .  Two s id e s  o f  
th e  g la s s  shou ld  be p a r a l l e l .
S e t th e  g la s s  on th e  p a p e r . The p ap er sh o u ld  be f a s te n e d  to  th e  ca rd b o a rd . 
The p in s  shou ld  be in  a s t r a i g h t  l i n e .  The l i n e  sh o u ld  make an ang le  w ith  
th e  s t r a i g h t  s id e  o f  th e  g la s s  on S ide  A. Now look  th ro u g h  th e  g la s s  from 
S id e  B. Look a t  th e  p in s  th rough  th e  g la s s .  S t ic k  th r e e  p in s  in  a l i n e  
on S ide  B th a t  l i n e  up w ith  th e  p in s  on S ide A. Be s u re  you a re  lo o k in g  
th ro u g h  g la s s  when you l i n e  up th e  p in s  on S ide B.
(E xperim ent tim e)
Now draw a l i n e  around th e  g la s s  w ith  a p e n c i l .  Remove th e  g la s s  
and th e  p in s  from th e  ca rd b o a rd . Connect th e  p in  l i n e  on S id e  A to  
th e  g l a s s . Do th e  same f o r  S ide  B. Now draw a t h i r d  l i n e  in s id e  th e  
g la s s  o u t l in e  from th e  p o in ts  where th e s e  l i n e s  touch  th e  g la s s .
(Experim ent tim e)
I n t e r p r e t a t i o n  : Your d iagram  i s  your d a ta .  (That happens to  th e  l i g h t
ray  as i t  e n te r s  th e  g la s s ?  What happens to  th e  l i g h t  ray  as i t  le a v e s  
th e  g la s s ?  What i s  th e  r e la t io n s h ip  o f  th e  l i g h t  ray  on S ide A to  th a t  
on S ide B? W rite  a  p a rag rap h  answ ering  th e se  q u e s tio n s .  Use a norm al 
to  make your m easurem ents.
(P arag raph)
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Concept : The bend ing  o f l i g h t  ray s  as th e y  move from one medium to
a n o th e r  i s  known as ' r e f r a c t i o n ' .
U n d ers tan d in g  th e  concept ; D ata from your e x p lo ra t io n  en ab le  you to  
answ er th e  fo llo w in g  q u e s t io n s .
1 . How i s  l i g h t  c o n t ro l le d  by g la s s ?
2 . How w i l l  l i g h t  be r e f r a c t e d  when i t  moves from  a i r  to  g la s s ?
3. How w i l l  l i g h t  be r e f r a c t e d  when i t  le a v e s  th e  g la s s  and moves 
back  in to  a i r .  (The two g l a s s / a i r  s u r fa c e s  m ust be p a r a l l e l . )
4 . How a re  th e  two ra y s  o f  l i g h t  in  a i r  r e la te d ?
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I n te r p r e t a t i o n  ; You have d is c o v e re d  t h a t  l i g h t  i s  r e f r a c t e d  by g la s s .  
Do you th in k  you can depend on what you see  when you lo o k  th rough  an 
o rd in a ry  window pan e . C o n sid er th e  fo llo w in g :
1 . In  an o rd in a ry  window pane how a re  th e  two s u r fa c e s  r e la te d ?
2 . How does th e  d i r e c t i o n  o f  th e  e n te r in g  l i g h t  compare w ith  th e  
d i r e c t io n  o f  th e  l i g h t  le a v in g  th e  g la s s ?
3. How i s  th e  le a v in g  l i g h t  ray  a  c o n t in u a tio n  o f th e  e n te r in g  
l i g h t?
W rite  a p arag raph  e x p la in in g  what d i s t o r t i o n  lo o k in g  th rough  an 
o rd in a ry  p ie c e  of window g la s s  has on what ' r e a l l y '  i s  se e n . I s  t h i s  
e r r o r  enough to  be o f p r a c t i c a l  s ig n i f i c a n c e .  Under what c o n d itio n s  
i s  t h i s  e r r o r  th e  g r e a te s t  and th e  l e a s t ?
(P arag raph )
P re d ic t io n  : Examine a p ie c e  o f  g la s s .  N o tice  t h a t  i t  i s  h e a v ie r  th an
a i r .  How do you th in k  d e n s i ty  o f a m a te r ia l  a f f e c t s  l i g h t ?  W ater i s  
h e a v ie r  th a n  a i r  a l s o .  Do you th in k  w a te r  w i l l  r e f r a c t  l i g h t?  Make 
a  p r e d ic t io n .
(P re d ic t io n )
E x p erim en ta tio n  : Now t e s t  your p r e d ic t io n .  O b ta in  a  sm a ll r e c ta n g u la r
aquarium . Be su re  th a t  i t  i s  c le a n .  Then f i l l  i t  w ith  w a te r . Use th e
l i g h t  from a s l id e  p r o je c to r  as a so u rce  o f  l i g h t .  P o s i t io n  th e  l i g h t
a t  an an g le  to  th e  s id e  o f  th e  aquarium . You shou ld  be a b le  to  see  th e
p a th  of th e  narrow  beam o f l i g h t  b o th  in  th e  a i r  and in  th e  w a te r . F i r s t
exam ine th e  r e f r a c t io n  a t  th e  p o in t w here th e  l i g h t  e n t e r s .  I s  i t  
r e f r a c te d  away from o r tow ard th e  norm al? Does t h i s  ag ree  w ith  what you 
have le a rn e d  so fa r?  How i s  th e  l i g h t  r e f r a c te d  as i t  goes from th e  
w a te r  to  th e  a i r?  Does t h i s  ag ree  a lso ?
(E xperim ent tim e)
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Model b u i ld in g : The r e f r a c t i v e  p r o p e r t i e s  o f a  m a te r ia l  depend on
t h e i r  d e n s i t i e s .
E x p erim en ta tio n  ; T here  i s  a n o th e r  i n t e r e s t i n g  r e l a t i o n  betw een l i g h t  
and th e  s u r fa c e  o f two d i f f e r e n t  mediums. For t h i s  experim en t you 
w i l l  need  to  use  your aquarium  and p r o je c to r  l i g h t  so u rce  a g a in .
The d iagram s show an aquarium  f i l l e d  w ith  w a te r  as  seen  from th e  to p . 
F i r s t  have a  beam o f  l i g h t  e n te r in g  th e  aquarium  w ith  a v ery  la rg e  
a n g le . N o tice  th e  l i g h t  i s  r e f r a c t e d  as i t  e n te r s  th e  aquarium  and 
ag a in  as i t  le a v e s  th e  aquarium . T h is  i s  as you ex p ec t from your 
p re v io u s  ex p e rim e n ts .
Now d e c re a se  th e  ang le  betw een th e  l i g h t  so u rce  and th e  no rm al. 
What do you observe?
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Model b u i ld in g : When th e  l i g h t  t r i e s  to  le a v e  th e  aquarium  a t  a  la r g e  
an g le  from th e  norm al i t  i s  a l l  r e f l e c t e d  back  in to  th e  w a te r . T h is  
i s  known as ' t o t a l  in t e r n a l  r e f l e c t i o n ' .
The ang le  a t  which t o t a l  i n t e r n a l  r e f l e c t i o n  o ccu rs  betw een two g iv e n  
mediums i s  known as th e  ' c r i t i c a l '  an g le  fo r  th o s e  mediums. For w a te r  
and a i r  th i s  ang le  has been m easured to  be abou t 47°. For g la s s  and 
a i r  th e  ang le  i s  about 42°.
BACKGROUND INFORMATION
You know th a t  l i g h t  can be r e f r a c t e d .  You a l s o  know a n o th e r  te rm  f o r  
r e f r a c t io n .  T his p ro p e r ty  o f  l i g h t  i s  u s e fu l  in  making g la s s e s .  An 
e n t i r e  in d u s try  i s  b u i l t  around r e f r a c t io n .  An o p th a lm o lo g is t  i s  a 
p h y s ic ia n  who s p e c ia l iz e s  in  t r e a t i n g  eye d is e a s e s .  O ften  t h i s  p h y s ic ia n  
t r e a t s  eyes th a t  need only  g la s s e s .  R e f ra c tio n  i s  th e n  used  to  d e c id e  
what k ind  of g la s s e s  are  need ed . An o p to m e tr is t  a ls o  u se s  r e f r a c t i o n  to  
d ec id e  what type of g la s s e s  peop le  n eed . An o p to m e tr i s t  o r  o p th a lm o lo g is t  
can d ec id e  what k in d  of g la s s e s  a re  n eeded . The g la s s e s  a re  made by an 
o p t ic ia n .  That p erso n  uses th e  r e f r a c t io n  model to  p re p a re  th e  g la s s e s  
t h a t  a re  p re s c r ib e d .
The o r ig in  fo r  a l l  th re e  o f  th e s e  p o s i t io n  comes from th e  word o p t i c s .  
O p tic s  i s  th e  s c ie n c e  th a t  d e a ls  w ith  l i g h t .  You b u i l t  models o f 
r e f l e c t i o n  and r e f r a c t io n  u s in g  l i n e s  and a n g le s .  T hat ty p e  o f o p t i c s  
i s  c a l le d  g eo m e tric a l o p t i c s .  F ig u re  ou t why. You s t i l l  d o n 't  know 
how r e f r a c t io n  i s  u sed  in  making g la s s e s .  Again you n eed  d a ta .  So 
you a re  asked to  do an e x p e rim e n t.
DISCOVERY (Cant 'd)
O b se rv a tio n : You w i l l  need a  s p e c ia l  o b je c t to  f in d  ou t more abou t
how e y e g la sse s  w ork. T hat o b je c t  i s  c a l le d  a  l e n s .  You a lso  need  a 
f l a t  p ie c e  o f  g la s s .  Examine th e  two o b je c ts  c a r e f u l ly .  Make a  re c o rd  
o f  how th ey  are  a l ik e  and how th ey  a re  d i f f e r e n t .  The shapes o f  th e  two 
o b je c ts  a re  p robab ly  d i f f e r e n t .  In  a d d i t io n  th e re  i s  one main d i f f e r e n c e .  
Be su re  you f in d  th a t  main d i f f e r e n c e .
(O bserva tion )
E xperim en tation  : Use th e  le n s  to  examine your f i n g e r .  Does you r f in g e r
look  la r g e r  o r s m a lle r  th rough  th e  g la s s .  Examine s e v e r a l  o th e r  o b je c t s .  
Sometimes a len s  such as t h i s  i s  c a l le d  a 'm ag n ify in g  g l a s s ' .  Do you 
se e  why?
(Experim ent tim e)
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T here  i s  som ething  e l s e  you can do w ith  a le n s  th a t  you may n o t have 
done b e f o r e .  F ind a so u rce  o f l i g h t  such as an e l e c t r i c  lam p. Then 
h o ld  th e  le n s  ou t in  f r o n t  o f  a sm ooth, l i g h t - c o lo r e d  s u r f a c e  such as 
a w h ite  ca rd b o a rd  o r  p ie c e  o f p a p e r . The s u r fa c e  sh o u ld  be  in  r a th e r  
dim  l i g h t .  Move th e  le n s  back  and f o r th  u n t i l  you o b se rv e  som ething 
on th e  c a rd .  What do you f in d ?
(E xperim ent tim e)
O b se rv a tio n ; You a re  ab le  to  produce an image on th e  c a rd b o a rd . Look 
a t  i t  c a r e f u l ly .  I s  i t  in  c o lo r  o r  b la c k  and w h ite?  I s  i t  s m a lle r  o r  
l a r g e r  th a n  th e  o b je c t?  I s  th e  image e r e c t  o r  in v e r te d ?  Where i s  th e  
le n s  lo c a te d .  I s  th e re  one p la c e  w here th e  le n s  can p roduce th e  c l e a r e s t  
image?
(O b se rv a tio n )
E x p e rim en ta tio n  ; Repeat th e  ex perim en t u s in g  th e  f l a t  p ie c e  o f g la s s .  
What do you f in d ?  P re v io u s ly  you were asked  to  f in d  th e  main d i f f e r e n c e  
betw een th e  g la s s  and th e  l e n s .  What was th a t  d i f f e r e n c e ?  T hat main 
d i f f e r e n c e  betw een th e  g la s s  and th e  le n s  i s  why t h i s  le n s  i s  a convex 
l e n s .  What does th e  convex le n s  do th a t  a  f l a t  p ie c e  o f  g la s s  does n o t 
do?
(E xperim ent tim e)
You know f l a t  g la s s  r e f r a c t s  l i g h t .  You a ls o  know th e  convex le n s  r e f r a c t s  
l i g h t .  The ev id en ce  you have t e l l s  you th ey  r e f r a c t  l i g h t  d i f f e r e n t l y .
The f l a t  g la s s  has th e  same th ic k n e s s  a l l  o v e r. The th ic k n e s s  o f  th e  
convex le n s  i s  n o t th e  same a l l  o v e r . How does th e  th ic k n e s s  o f th e  g la s s  
c o n t r o l  how l i g h t  i s  r e f r a c t e d  by i t ?  You need  to  do a n o th e r  ex p erim en t. 
Use th e  g la s s  b lo c k s  you u sed  in  th e  r e f r a c t io n  ex p e rim en t. You have 
d a ta  on yo u r d iagram  w hich t e l l s  you how much one b lo c k  r e f r a c t s  l i g h t .
Use two b lo c k s .  P u t two o f them to g e th e r .  Do th e  ex p erim en t w ith  th e  
p in s .  How d id  in c re a s in g  th e  th ic k n e s s  o f th e  g la s s  change how i t  
r e f r a c t e d  l i g h t?
(E xperim ent tim e)
Model b u i l d in g : You now know how l i g h t  r e f r a c t io n  i s  c o n t r o l le d  by
th e  th ic k n e s s  o f g la s s .  Remember a  convex le n s  has many d i f f e r e n t  
th ic k n e s s e s .  Use th a t  f a c t  and th e  d a ta  you g o t from u s in g  two g la s s  
b lo c k s . B u ild  a model th a t  t e l l s  why you g e t an image on a ca rd  w ith  
a  convex l e n s .  T h is image i s  c a l le d  a ' r e a l ’ image b eca u se  th e  l i g h t  
p a s se s  th ro u g h  th e  im age.
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EXPLORATION
E x p erim en ta tio n  ; You have found t h a t  a  le n s  w i l l  produce an in v e r te d  
r e a l  image on a w h ite  c a rd  h e ld  beh in d  th e  le n s  by r e f r a c t in g  th e  ray s  
o f l i g h t .  You a re  ready  to  b eg in  in v e s t ig a t in g  th e  n a tu re  o f  t h a t  im age. 
You w i l l  b eg in  by doing  an ex perim en t to  c o l l e c t  some d a ta  abou t th e  
im age.
You need  your convex le n s  and a w h ite  c a rd .  You a l s o  need  a m easuring  
s t i c k .  A m eter s t i c k  i s  p ro b ab ly  b e s t .  You a re  go ing  to  s tu d y  th e  
d is ta n c e  th e  image on th e  ca rd  i s  from th e  l e n s .  You a re  going  to  do 
t h a t  when o b je c ts  a re  f a r  away. In  t h i s  ex p erim en t any o b je c t  t h a t  i s  
10 m e te rs  away i s  c a l le d  f a r  away.
M easure th e  d is ta n c e  from  th e  le n s  to  th e  image on th e  c a rd . Take te n  
m easurem ents from o b je c ts  t h a t  a re  te n  d i f f e r e n t  d is ta n c e s  away. Be 
su re  th o se  d is ta n c e s  a re  alw ays 10 m e te rs  o r  m ore. Make th e  m easurem ents 
when th e  image on the card i s  the  c l e a r e s t .  Record th o s e  d i s t a n c e s .
A l l  o f  th o s e  d i s ta n c e s  have a common p r o p e r ty .  Determine what th a t  
prop erty  i s .
(CAUTION: I f  t h i s  experim en t i s  done o u ts id e  be  v e ry  c a r e f u l  o f  th e
extrem e danger p re s e n t  o f lo o k in g  th ro u g h  th e  le n s  a t  th e  sun .
DO NOT LOOK DIRECTLY AT THE SUN.)
(E xperim ent tim e)
Now tu r n  th e  le n s  around and make 10 more m easurem ents. What d i f f e r e n c e  
does i t  make which way th e  le n s  i s  p o s itio n e d ?
(E xperim ent tim e)
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mVENTICN
Concept ; The d is ta n c e  from a  le n s  to  th e  image i t  p roduces when th e  
o b je c t i s  f a r  away (incom ing rays p a r a l l e l )  i s  known as th e  ’ f o c a l  
le n g th ' o f th e  le n s .
U nderstand ing  th e  concept : D ata from your e x p lo ra t io n  e n a b le  you
to  answer th e  fo llo w in g  q u e s tio n s .
1. How i s  th e  d is ta n c e  from th e  le n s  to  th e  image on a  c a rd  
a f f e c te d  when d i f f e r e n t  o b je c ts  a re  f a r  away b u t a t  
d i f f e r e n t  d is ta n c e s ?
Is  the image always in v e r t e d ,  always e r e c t ,  or sometim es  
In v er ted  and sometimes e r e c t?
3. What d i f f e r e n c e  does i t  make which s id e  of th e  le n s  i s  
tow ard th e  o b je c t?
4 . How a re  th e  fo c a l  le n g th s  on each s id e  o f a  le n s  r e la te d ?
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DISCOVERY
E x p erim en ta tio n .; Measure th e  fo c a l  le n g th  o f  fo u r  d i f f e r e n t  le n s e s .
Be su re  each  one has a  d i f f e r e n t  th ic k n e s s .  How does th ic k n e s s  a f f e c t  
f o c a l  le n g th ?
(E xperim ent tim e)
O btain  two le n se s  w hich have th e  same fo c a l  le n g th .  P la c e  one on top  
o f  th e  o th e r .  Tape t h e i r  edges to g e th e r .  Measure th e  f o c a l  le n g th  o f 
th a t  com bination . How does th e  fo c a l  le n g th  o f  th e  com bination  compare 
to  th e  f o c a l  le n g th  o f  each of them?
(E xperim ent tim e)
Model b u i l d in g : You have found th a t  th e  th ic k n e s s  of a le n s  d e te rm in es
i t s  fo c a l  le n g th .  The th ic k e r  th e  l e n s ,  th e  s h o r te r  th e  fo c a l  le n g th .
I t  i s  p o s s ib le  to  double the  th ic k n e s s  by u s in g  two le n s e s  in  com bination . 
You have a ls o  found th a t  the  amount o f l i g h t  e n te r in g  th e  le n s  has no 
a f f e c t  on th e  fo c a l  le n g th .  The fo c a l  le n g th  i s  a d i s t i n c t i v e  p ro p e r ty  
o f  any g iv en  le n s .
I n t e r p r e t a t i o n  ; A convex le n s  forms an image when th e  le n s  i s  a t  th e  
p ro p e r  d is ta n c e  from th e  s u r fa c e  on w hich th e  image i s  to  be form ed. 
When th e  image i s  sharp  and c le a r  i t  i s  s a id  to  be in  ' f o c u s ' .  W rite  
a  p a rag rap h  e x p la in in g  what you m ust do to  focus a  cam era le n s .
(P arag rap h )
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Expert m en ta tio n  ; Now you w i l l  tu rn  you r a t t e n t i o n  to  th e  s i z e  o f  th e  
im age. You may have n o t ic e d  th a t  when th e  o b je c t  i s  f a r  away th e  
image appears to  be s m a l le r  th a n  th e  o b je c t .  Is  th e re  a way to  make 
th e  image la r g e r  than  th e  o b je c t?  To do t h i s  you w i l l  need an o b je c t 
which i s  very  b r ig h t .  T ry th e  f i la m e n t o f  an e l e c t r i c  lamp in  a 
daritened room. Next m easure th e  d is ta n c e  from th e  o b je c t  to  th e  le n s  
when th e  image i s  on a  s u r fa c e  t h a t  i s  f a r  away. What does t h i s  
measurement t e l l  you?
(E xperim ent tim e)
Now see  i f  th e r e  i s  an arrangem ent th a t  w i l l  p roduce an image th a t  i s  
th e  same s iz e  as th e  o b je c t .
(E xperim ent tim e)
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Model b u i l d in g ; You have found t h a t  th e  image s iz e  i s  r e l a t e d  to  th e  
o b je c t  d i s ta n c e .  The image s iz e  w i l l  d e c re a se  as th e  o b je c t d is ta n c e  
in c r e a s e s .  The two diagram s below may h e lp  you u n d e rs ta n d  why.
In  d iagram  A th e  o b je c t i s  f a r  away from th e  le n s .  Two ray s  o f  l i g h t  
e m it t in g  from th e  p o in t  o f th e  arrow  a re  shown as th e y  p ass  th ro u g h  th e  
le n s .  The to p  ray  i s  th e  one th a t  i s  p a r a l l e l  to  th e  c e n te r  l i n e .  You 
know t h a t  as  i t  e n te r s  g la s s  i t  w i l l  be r e f r a c te d  by a  c e r t a in  am ount.
As i t  le a v e s  th e  g la s s  i t  w i l l  be r e f r a c t e d  again  by th a t  am ount. The 
bottom  ray  o f l i g h t  p a sse s  through th e  c e n te r  of th e  le n s .  S ince  i t
e n te r s  and le a v e s  p e rp e n d ic u la r  to  th e  s u r fa c e  of th e  g la ss  i t  i s  n o t
r e f r a c t e d .  The image i s  formed w here th e s e  two l i n e s  i n t e r s e c t .  The
image i s  much c lo s e r  and th e re f o r e  sm a lle r  than  th e  o b je c t .
In  d iagram  B th e  o b je c t i s  c lo se  to  th e  fo c a l  le n g th  o f  th e  le n s .  The 
same two ra y s  o f  l i g h t  a re  shown. T race them and be  s u re  you u n d e rs ta n d  
w hat i s  happen ing . Do you u n d ers tan d  why now th e  image i s  f a r  away 
and l a r g e r  th a n  th e  o b je c t?
I n t e r p r e t a t i o n  ; Make a diagram  s im i la r  to  th e  ones above t h a t  w i l l  
show th e  p o s i t io n  o f th e  im age, o b je c t  and le n s  when th e  o b je c t s i z e  
and th e  image s i z e  a re  th e  same. What can you say about th e  o b je c t  
d is ta n c e  and th e  image d is ta n c e  o f t h i s  arrangem ent? You may need to  
g a th e r  some d a ta  u s in g  a le n s  to  answ er t h i s  q u e s tio n .
(Diagram)
E x p e rim en ta tio n  ; Try to  produce a r e a l  image when th e  o b je c t  i s  in s id e  
th e  fo c a l le n g th .  What do you observe?
(Experim ent tim e)
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Model b u i l d in g ; When th e  o b je c t  i s  i n s id e  th e  f o c a l  le n g th  a  le n s  
w i l l  n o t produce a r e a l  im age. R a th e r i t  p roduces a  v i r t u a l  image 
th a t  i s  e r e c t  and l a r g e r  th an  th e  o b je c t .
O b se rv a tio n ; Examine a  cam era c lo s e ly .  You a lre a d y  know th a t  a cam era 
makes u se  of a le n s  to  fo cu s  an im age. Where does th e  f i lm  go in  th e  
cam era. How i s  th e  le n s  focused?
(O b se rv a tio n )
Now exam ine c lo s e ly  a  model o f  th e  human ey e . How i s  i t  l i k e  a camera? 
Where i s  th e  le n s  lo c a te d ?  Where i s  th e  image produced? What c o n tro ls  
th e  amount o f  l i g h t  e n te r in g  th e  eyes?
(O b se rv a tio n )
Model b u i ld in g : The human eye i s  v ery  much l i k e  a cam era. The le n s
fo cu ses  an image on th e  back o f th e  eye t h a t  co rresp o n d s  to  th e  f i lm  
in  a cam era. T h is  p a r t  o f  th e  eye i s  c a l le d  th e  ' r e t i n a ' .  The image 
on th e  r e t i n a  i s  in v e r te d .  Your b ra in  decodes t h i s  image and you se e  
th in g s  r ig h t  s id e  up . The i r i s  can change s i z e  to  v a ry  th e  amount of, 
l i g h t  e n te r in g  th e  ey e . I
I n t e r p r e t a t i o n  : The image i s  fo cu sed  in  a  camera by moving th e  le n s  back
and f o r th .  The le n s  o f yo u r eye does n o t move back  and f o r th .  W rite  
a p arag rap h  e x p la in in g  how you th in k  your eye fo cu ses  an image on th e  
r e t i n a .  Remember what your d a ta  has shown you about th e  r e l a t io n s h ip  
betw een th e  th ic k n e s s  o f  a le n s  and i t s  f o c a l  le n g th .
(P arag raph )
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EXPLORATION
O b se rv a tio n  ; Up to  t h i s  p o in t  you have in v e s t ig a te d  th e  p r o p e r t ie s  o f 
l i g h t  w ith o u t pay ing  nsich a t t e n t io n  to  i t s  c o lo r .  What i s  th e  n a tu re  o f  
c o lo re d  l i g h t ?  How a re  c o lo rs  produced . You a re  go ing  to  do some
ex p erim en ts  to  f in d  out more abou t c o lo re d  l i g h t .
Use a  b r ig h t  l i g h t  so u rce  w ith  a  narrow  beam. A s l i d e  p r o je c to r  i s  
a  good s tro n g  l i g h t  s o u rc e . You can make a  s l i d e  so  t h a t  th e  p r o je c to r  
w i l l  p roduce a  narrow  beam. S h ine  th e  narrow  beam o f  w h ite  l i g h t  
th ro u g h  a p rism  and observe  what happens. What c o lo rs  do you s e e .  How 
many d i f f e r e n t  c o lo rs  do you see?  Are th e s e  c o lo rs  th e  same as you see
in  a rainbow ? Where do you th in k  th e  c o lo rs  come from?
(E xperim ent tim e)
Model b u i l d in g : A p rism  w i l l  change w h ite  l i g h t  in to  many d i f f e r e n t
c o lo rs  of l i g h t .  The n e x t experim en t w i l l  g iv e  you a d d i t io n a l  d a ta  
f o r  your model o f c o lo r .
E x p erim en ta tio n  ; You w i l l  need th r e e  s l i d e  p r o je c to r s  f o r  t h i s  ex p erim en t. 
P rep a re  to  sh in e  them on a  w h ite  s u r fa c e  such  as a movie s c re e n .  You w i l l  
a ls o  need s e v e ra l  p ie c e s  o f c o lo re d  c e llo p h a n e  (b lu e ,  r e d ,  and g reen ) so 
th e  p r o je c to r s  can be so u rc e s  o f r e d ,  b lu e  and green  l i g h t .  You can make 
a  s l i d e  w ith  s e v e ra l  p ie c e s  o f ce llo p h an e  so  th a t  th e  c o lo rs  a re  f a i r l y  
d eep .
A rrange th e  p r o je c to r s  so t h a t  th e y  sh in e  on th e  same w h ite  s u r f a c e .
Turn th e  red  and th e  b lu e  p r o je c to r s  on to g e th e r .  What c o lo r  do you 
see?  You may have c a l le d  t h i s  c o lo r  p u rp le .  The p ro p e r  name f o r  i t  i s  
m agenta.
(E xperim ent tim e)
Now t r y  b lu e  and g re e n . You m ight c a l l  t h i s  b lu e -g re e n ,  b u t i t s  p ro p e r 
name i s  cyan.
(E xperim ent tim e)
What happens when you u se  red  and g reen . The name fo r  th i s  c o lo r  i s  
y e llo w .
(E xperim ent tim e)
Model b u i ld in g ; You have been c r e a t in g  new c o lo rs  by a d d i t io n  o f c o lo r .  
When you add two c o lo rs  to g e th e r  you produce a c o lo r  t h a t  has some o f 
th e  p r o p e r t i e s  o f  each o f th e  o r ig i n a l  c o lo rs .
E x p erim en ta tio n  : Now tu rn  on a l l  th re e  p r o je c to r s .  You w i l l  be
adding  r e d ,  b lu e  and g reen  to g e th e r .  What do you observe? What does
t h i s  t e l l  you? What do you th in k  w h ite  l i g h t  i s  now?
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INVENTION
Concept ; W hite l i g h t  i s  a com bination  o f  th r e e  c o lo r s ;  r e d ,  g reen  and 
b lu e .  These c o lo rs  a re  known as 'p r im a ry ' c o lo r s .
U nderstand ing  th e  c o n c e p t; D ata from your e x p lo ra t io n  e n a b le  you 
to  answ er th e  fo llo w in g  q u e s t io n s .
1. What does a p rism  do to  w h ite  l ig h t?
2 . How can w h ite  l i g h t  b e  produced?
3. What does th e  a d d i t io n  o f two p rim ary  c o lo rs  produce?
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DISCOVERY
E xperim ent a tIo n  ; Why i s  an app le  red? Why i s  th e  g ra ss  g reen ?  You 
do n o t have enough in fo rm a tio n  to  answer th e s e  q u e s t io n s .  You know a  
way to  le a rn  more abou t c o lo r .  You can f in d  ou t f o r  y o u r s e l f — ex p erim en t,
You shou ld  do th i s  experim en t in  a  darkened  room so th a t  no o u ts id e  l i g h t  
can s p o i l  your e x p e rim en t. You need  some p ie c e s  o f  c o lo re d  p a p e r . You 
may a ls o  use c o lo re d  c lo th .  You need  a so u rce  o f c o lo re d  l i g h t .  O b ta in  
s l i d e  f i l t e r s  o f d i f f e r e n t  c o lo rs  and use a s l i d e  p r o je c to r  to  produce 
c o lo re d  l i g h t .  S e le c t  a  p ie c e  o f paper t h a t  ap p ea rs  red  when seen  un d er 
w h ite  l i g h t .  Now examine i t  un d er red  l i g h t .  What c o lo r  does i t  ap p ea r 
to  be?
(E xperim ent tim e)
Now examine the  red c lo t h  under o th er  c o lo r s  o f  l i g h t .  Try b lu e  and 
How does i t  appear under each o f  t h e s e  l i g h t ?
(Experim ent tim e)
You know th a t  b lu e  and g reen  a re  p rim ary  c o lo r s .  Try a y e llo w  s l id e  
in  th e  p r o je c to r .  What c o lo r  does th e  c lo th  ap p ea r now?
(E xperim ent tim e)
I n t e r p r e t a t i o n  ; W rite  a  p arag rap h  e x p la in in g  why you th in k  you a re  n o t  
a b le  to  see  a  red  c lo th  in  b lu e  and g reen  l i g h t  b u t i t  ap p ea rs  red  in  
y e llo w  l i g h t .  R eca ll how y e llo w  l i g h t  i s  made. I f  you d o n 't  remember, 
check, you r re c o rd s .  What c o lo r  does red  c lo th  appear i f  th e r e  i s  no 
l i g h t  sh in in g  on i t ?  How does red  c lo th  seem to  a f f e c t  th e  c o lo r  o f  red  
l i g h t  th a t  f a l l s  on i t ?  How does red  c lo th  seem to  a f f e c t  th e  c o lo r  
o f b lu e  and green  l i g h t ?  What ev id en ce  i s  th e re  t h a t  red  c lo th  a c ts  
as a p rism  and th a t  you see  o n ly  th e  red  p a r t  o f th e  l i g h t  coming back 
from th e  c lo th ?
(P arag raph )
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Model b u llH in g ; You have j u s t  b u i l t  a model f o r  re d  l i g h t .  Your model 
s t a t e s  th a t  au o b je c t  appea rs  re d  because  i t  r e f l e c t s  re d  l i g h t  to  your 
eyes b u t ab so rb s  (does n o t r e f l e c t )  b lu e  and g reen  l i g h t .  The re d  o b je c t 
ap p ea rs  red  u n d er ye llo w  l i g h t  because  y e llo w  l i g h t  i s  a  com bination  
o f re d  and g re e n .
P r e d ic t io n  ; Use th e  model you have b u i l t  f o r  red  l i g h t  to  p r e d ic t  what 
w i l l  happen when you re p e a t th e  experim en t u s in g  a g reen  o b je c t .  P re d ic t  
f o r  g re e n , r e d ,  b lu e ,  and ye llow  l i g h t .
(P re d ic t io n )
Model b u i ld in g ; You have d is c o v e re d  th a t  w h ite  l i g h t  i s  a  com bination  
of th r e e  p rim ary  c o lo r s .  I t  i s  p roduced  by add ing  r e d ,  b lu e  and g re e n . 
T h is  i s  th e  a d d i t io n  model o f c o lo r  and u se s  th e  ' s c i e n t i s t s ’ prim ary  
c o lo rs  r e d ,  b lu e  and g re e n . You have a ls o  le a rn e d  th a t  o b je c ts  ap p ea r 
a c e r t a i n  c o lo r  by s u b t r a c t in g  a l l  th e  o th e r  c o lo rs  from  w h ite  l i g h t .
The f i l t e r s  you have been u s in g  in  th e  s l i d e  p r o je c to r  work by s u b tr a c t in g  
l i g h t .  You w i l l  now le a rn  more about th e  s u b t r a c t io n  model o f c o lo r .
P r e d ic t io n  ; What c o lo r  do you p r e d ic t  w i l l  r e s u l t  when some b lu e  food 
c o lo r in g  and some yellow  food c o lo r in g  a re  mixed to g e th e r .  Remember by 
m ixing  th e s e  to g e th e r  you w i l l  need  to  u se  th e  s u b t r a c t io n  model o f  c o lo r .
(P re d i t io n )
E x p e rim en ta tio n  : T e s t your p r e d ic t io n  by p e rfo rm in g  th e  ex p erim en t. I f
you p r e d ic te d  w rongly  be  su re  you can e x p la in  why.
(E xperim ent tim e)
P re d ic t io n  ; Now u se  your s u b tr a c t io n  model o f c o lo r  to  p r e d ic t  what w i l l  
r e s u l t  when you mix red  food c o lo r in g  and y e llo w  food  c o lo r in g .
(P re d ic t io n )
E x p e rim en ta tio n  ; Now t e s t  your p r e d ic t io n .  E x p la in  any d is c r e p a n c ie s .  
(E xperim ent tim e)
P r e d ic t io n  : Use your s u b t r a c t io n  model o f  c o lo r  to  p r e d ic t  th e  r e s u l t s  o f
m ixing red  food c o lo r in g  and b lu e  food c o lo r in g .
(P re d ic t io n )
E x p e rim en ta tio n  : Now t e s t  your p r e d ic t io n .
(E xperim ent tim e)
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Model b u i l d in g ; C o lo rs  can b e  o b ta in e d  by m ixing  th r e e  c o lo r s  r e d ,  b lu e  
and y e llo w . These a re  som etim es c a l le d  th e  a r t i s t s '  p rim ary  c o lo r s .
You may have u sed  them in  a r t  c l a s s .  I t  i s  th e  b a s is  f o r  th e  a r t i s t s '  
c o lo r  w heel. A r t i s t ' s  b ase  t h e i r  c o lo r  com bination  on th e  s u b t r a c t io n  
model o f  c o lo r .
I n t e r p r e t a t i o n ; You have le a rn e d  th a t  w h ite  l i g h t  i s  a co m b in a tio n  o f 
c o lo r .  B lack  i s  som etim es d e f in e d  as th e  abscence o f a l l  c o lo r .  W rite  
a  p arag rap h  e x p la in in g  how you would p roduce b la c k  u s in g  th e  a r t i s t s  
p rim ary  c o lo r s .
(P arag rap h )
E x p e rim en ta tio n  : Now t r y  to  produce b la c k  acc o rd in g  to  y o u r p a ra g ra p h .
I s  i t  p o s s ib le  to  p roduce b la c k  u s in g  th e  s c i e n t i s t s  p rim ary  c o lo rs ?
Do an experim en t to  answ er t h i s  q u e s tio n ?
(E xperim ent tim e)
BACKGROUND INFORMATION
T hree d i f f e r e n t  b u t r e l a t e d  te rm s a re  u sed  to  d e s c r ib e  c o l o r .  Hue 
in d ic a te s  th e  name o f th e  c o lo r .  I t  i s  b e s t  d e f in e d  by exam ple: 
b lu e ,  in d ig o , ta n  and b ro n ze  a re  a l l  h u e s . B r ig h tn e ss  i s  th e  r e l a t i v e  
i n t e n s i t y  of l i g h t  and may be used  to  d e s c r ib e  w h ite  l i g h t .  S a tu r a t io n  
r e f e r s  to  th e  p u r i ty  o f  th e  c o lo r .  C o lo rs  t h a t  do n o t c o n ta in  any 
w h ite  l i g h t  a re  s a id  to  be s a tu r a t e d .
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One o f  th e  r e a l l y  e n jo y a b le  p a r t s  o f  our l i v e s  i s  th e  sounds we h e a r . 
The sounds o f f r ie n d s  v o ic e s ,  m usic , wind and r a in  a g a in s t  a  window, 
and la u g h te r  a re  a l l  good sounds. O ther sounds such  as th e  c ra sh  o f a 
b roken  g la s s ,  th e  sound o f a  f o r e s t  f i r e ,  and c r i e s  o f  p a in  a re  n o t 
p le a s a n t  sounds. Sounds o f te n  t e l l  us when th o s e  around us a re  happy 
o r  s a d . When someone i s  w h is t l in g  o r  humming we u s u a l ly  th in k  he i s  
happy. The sound o f  someone sobb ing  a ls o  t e l l s  us som eth ing .
EXPLORATION
I n te r p r e ta t i o n  : Sounds can a ls o  be  u s e f u l  to  u s .  The sound o f  an alarm
c la c k ,  a ra d io  o r  som eone's v o ic e  can wake us in  th e  m orning. The sound 
oC  a- b e l l  o f te n  t e l l s  us when som ething i s  ab o u t to  b e g in . Suppose you 
ask  someone a q u e s tio n .  You p ro b ab ly  depend upon th e  sound o f  th a t  p e r s o n 's  
v o ic e  fo r  a r e p ly .  When you l i s t e n  to  a  r a d io  you depend com plete ly  
on sound to  g e t th e  m essage. L is te d  below  a r e  seven  sounds. Where m ight 
you be and what might be happening  when you h e a r  each of them?
1 . A s i r e n .
2 . The honk o f a h o rn .
3 . A knock on a d o o r.
4 . A ta p  on a  window.
5 . A lo u d , boom ing, c ra s h in g  sound from  th e  sky .
6 . A door b e l l .
7 . A s i z z l i n g ,  s p u t te r in g  sound.
E x p erim en ta tio n  ; You may be w ondering abo u t w hat i s  th e  n a tu re  o f sound.
How does sound reach  you? Where does i t  come from? Where i s  i t  made?
You w i l l  do some ex p erim en ts  to  f in d  ou t some th in g s  about sound.
Begin by p la c in g  your hand on your t h r o a t .  Speak and th en  hum. Stop 
and th en  b eg in  a g a in . Record what you f e l t  w h ile  sp eak in g . Now reco rd  
what you f e l t  w h ile  humming. How d id  th o se  two ' f e e l i n g s '  compare?
What was th e  d if f e r e n c e  in  f e e l in g  when you stopped?
(E xperim ent tim e)
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Now re p e a t th e  experim en t by p la c in g  your hand on a n o th e r  p e r s o n 's  t h r o a t .
How do th e se  d a ta  compare to  w hat you re c e iv e d  by f e e l in g  your own th ro a t?
Record your d a ta .
(Experim ent tim e)
P lac e  your hand on a p ian o  t h a t  i s  b e in g  p la y e d . Leave your hand on 
th e  p iano and ask  th e  p e rso n  to  s to p  p la y in g . What does t h i s  experim en t
t e l l  you? Record your d a ta .
(Experim ent tim e)
Repeat th e  experim en t w ith  a n o th e r  m u sic a l in s tru m e n t.  R ecord what 
you f in d .
(Experim ent tim e)
E x p erim en ta tio n  : You w i l l  now do some ex p erim en ts  u s in g  a tu n in g  fo rk .
Any tu n in g  fo rk  w i l l  do. To make a tu n in g  fo rk  sound you s t r i k e  i t .
Never s t r i k e  a tu n in g  fo rk  w ith  an y th in g  h a rd e r  th a n  wood. M eta l, h ard  
p l a s t i c  o r  g la s s  can harm a tu n in g  fo rk . Hold th e  tu n in g  fo rk  in  one 
hand. S tr ik e  i t .  Im m ediately  h o ld  i t  n e a r  your e a r .  What d id  you 
f in d  out? Record th e s e  d a ta .
(Experim ent tim e)
Why do you th in k  s t r i k i n g  th e  tu n in g  fo rk  produced th e  sound? S tr ik e  th e  
tu n in g  fo rk  a g a in . Touch th e  fo rk  w ith  your f in g e r s .  What do you f e e l?  
D escrib e  th e s e  d a ta  c a r e f u l ly .
(Experim ent tim e)
P luck  th e  s t r i n g s  o f  a  g u i t a r .  Why do you th in k  th e  g u i t a r  makes a 
sound? Touch th e  s t r i n g s  w ith  your f in g e r  as th e y  produce sound. What 
do you fe e l?
(Experim ent tim e)
Model b u i ld in g : Each o f  th e  p re v io u s  in v e s t ig a t io n s  gave you d a ta .
Some o f th e  d a ta  were d i f f e r e n t .  Among a l l  th e  in v e s t ig a t io n s  som ething 
was th e  same. What was i t ?  T hat s i m i l a r i t y  among a l l  th e  in v e s t ig a t io n s
i s  one o f th e  most im p o rtan t p r o p e r t i e s  o f  sound. D iscuss w ith  your
c lassm ates  and your te a c h e r  what th a t  p ro p e r ty  i s .  Make a re c o rd  o f t h a t
p ro p e r ty .  You a re  b u i ld in g  a  model o f sound.
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Concept ; Sound i s  p roduced by som ething v ib r a t in g .
U nderstand ing  th e  c o n c e p t: D ata  from yo u r e x p lo ra t io n  en ab le  you
to  answ er th e  fo llo w in g  q u e s tio n s .
1 . How i s  sound produced from a  p e r s o n 's  v o ic e?
2 . How i s  th e  sound produced by o th e r  p eo p le  s im i l a r  to  your own?
3. How i s  th e  sound of a p iano  produced?
4. How do o th e r  m u sica l in s tru m e n ts  produce sound?
5 . How does a tu n in g  fo rk  produce sound?
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E x p erim en ta tio n  : You have found th a t  a tu n in g  fo rk  produces a sound
by v ib r a t in g .  F i l l  a  c o n ta in e r  w ith  w a te r . S t r ik e  th e  tu n in g  fo rk . 
In m ed ia te ly  p la c e  th e  tu n in g  fo rk  in  w a te r .  What d id  you observe?
Make a  c a r e fu l  re c o rd  o f  your d a ta .
(Experim ent tim e)
Tape a  p ing  pong b a l l  to  a s t r i n g .  Have someone h o ld  th e  s t r i n g .
The b a l l  shou ld  hang s t r a i g h t  down. S t r ik e  th e  fo rk .  Im m ediately  
p la c e  th e  fo rk  a g a in s t  th e  b a l l .  What o b s e rv a tio n  d id  you make? 
D escrib e  your d a ta .
(E xperim ent tim e)
Now hook a sm all b e l l  to  a dry  c e l l .  What ev id en ce  can you f in d  th a t  
th e  v ib r a t io n  p ro p e r ty  o f sound i s  p re s e n t?
(Experim ent tim e)
I n te r p r e ta t i o n  ; Why in  some b e t t e r  s te r e o  system s do th ey  have more 
th an  one sp eaker?  How a re  th e s e  sp eak ers  d i f f e r e n t?  What ev idence do 
th e  sp eak e rs  p ro v id e  about th e  v ib r a t io n  p ro p e r ty  o f  sound you found?
(P arag raph )
E x p erim en ta tio n  ; You have o b serv ed  th a t  th e  s t r i n g s  o f  a  g u i t a r
p roduce sound by v ib r a t in g .  Now tu rn  yo u r a t t e n t i o n  to  th e  way th e
g u i t a r  produces h ig h  and low sounds. Strum  th e  s t r i n g  o f th e  g u i t a r  
th a t  produces low sounds. Then strum  th e  s t r i n g  th a t  produces h igh  
so u n d s . What d i f f e r e n c e  do you observe?
(Experim ent tim e)
Model b u i ld in g ; You have found th a t  h ig h  sounds a re  produced when th e  
s t r i n g s  v ib r a te  very  f a s t  S im ila r ly  low sounds a re  produced when th e  
s t r i n g s  v ib r a te  s lo w ly . T h is  r a t e  of v ib r a t io n  i s  known as 'f r e q u e n c y ' 
M usicians r e f e r  to  th e  h ig h n e ss  o r  low ness o f  a n o te  as th e  'p i t c h '  o f 
th e  n o te .  P i tc h  and freq u en cy  b o th  r e f e r  to  th e  same th in g  about a 
sound.
I n t e r p r e t a t i o n  ; The low p i tc h e s  a re  p roduced by long  w ires  on a 
p ia n o . The h ig h  p i tc h e s  a re  produced by s h o r t  w ire s  on a  p ia n o .
W rite  a p arag raph  e x p la in in g  th e  r e la t io n s h ip  betw een th e  le n g th  o f a
w ire  and th e  frequency  w ith  w hich i t  v ib r a t e s .
(P arag raph)
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You have been  doing  a l o t  o f  ex p e rim en tin g  th a t  has  shown you t h a t  sound 
i s  p roduced  by som ething v ib r a t in g .  The ev id en ce  o f  i n t e r a c t io n  i s  
g iv en  to  you by your e a r s .  When someone p la y s  th e  g u i t a r  you h e a r  th e  
m usic . How does th e  sound g e t from th e  g u i t a r  to  you? How does 
sound t r a v e l  from one p la c e  to  an o th e r?  Do some ex p e rim en ts  to  f in d  o u t.
E x p e rim e n ta tio n  : Have a f r ie n d  s t r i k e  one end o f  an i r o n  b a r  w h ile  you
keep y o u r e a r  c lo se  to  th e  o th e r  end . Does th e  sound t r a v e l  th ro u g h  
iro n ?
(E xperim ent tim e)
P la c e  y o u r e a r  n ex t to  some p ie c e  o f m e ta l on a  sc h o o l bus o r  a  c a r  
t h a t  has th e  m otor ru n n in g . Can you h e a r  th e  m otor b e t t e r  now? Does 
sound t r a v e l  th rough  m e ta l o r  a i r  b e s t?
(E xperim ent tim e)
I n t e r p r e t a t i o n  ; Does sound t r a v e l  th ro u g h  some m a te r ia ls  b e t t e r  th a n  
o th e rs ?  Do you make more n o is e  as you w alk  on a wooden f lo o r  o r  on a 
f lo o r  covered  by th ic k  c a rp e t?  Why do you th in k  a  c o n c e r t h a l l  h as  
heavy th ic k  d rap es  hanging  a t  th e  back o f th e  s ta g e ?  W rite  a  p a rag rap h  
answ ering  th e s e  q u e s t io n s .
(P a rag rap h )
E x p e rim e n ta tio n  ; Now b u i ld  a sm a ll s t r i n g  te le p h o n e  sy stem . You need 
two m e ta l c a n s ,  a long  p ie c e  o f  s t r i n g ,  and two b u t to n s  o r  m e ta l p ie c e s .  
The s t r i n g  sh o u ld  be about 20 m e te rs  lo n g . Cut o f f  th e  to p s  o f  th e  can s . 
Make a  h o le  in  th e  bottom  o f  each can . P u t th e  s t r i n g  th ro u g h  th e  h o le  
in  each  c a n . T ie  i t  to  th e  b u t to n .  S t r e t c h  th e  s t r i n g  t i g h t l y  betw een  
you and your p a r tn e r .  One o f you h o ld  one can to  h is  e a r .  The o th e r  one 
speak  c l e a r l y  in to  th e  o th e r  c a n . What happens?
(E xperim ent tim e)
I n t e r p r e t a t i o n  ; Suppose you w ere to  speak  in to  one o f th e  cans w ith o u t 
th e  s t r i n g  a t ta c h e d .  Suppose your p a r tn e r  h o ld s  a second can to  h is  e a r .  
Do you th in k  th e  system  w i l l  work w ith o u t th e  s t r in g ?  W rite  a p a rag rap h  
e x p la in in g  w hat you th in k  would happen . Then t e s t  your p r e d ic t io n  by 
p e rfo rm in g  th e  exp erim en t.
(P re d ic t io n )
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Model b u i ld in g ; The e x p lo ra t io n s  you have done have g iven  you d a ta  
about a  second p ro p e r ty  o f sound. Those d a ta  a re  r e l a t e d  to  how sound 
t r a v e l s .  How d id  sound t r a v e l  betw een you and your p a r tn e r?  B u ild  a 
model about t h i s  second p ro p e r ty  o f sound u s in g  th e  ev id en ce  you have 
g a th e re d .
E x p erim en ta tio n  ; Now f in d  th e  d i f f e r e n c e  between loud  and s o f t  sounds. 
Experim ent w ith  a g u i t a r  u s in g  a  n o te  o f one p i t c h .  Make a  loud  and 
s o f t  sound. P la c e  a  p ie c e  o f fo ld e d  p a p e r  on th e  s t r i n g  to  h e lp  you. 
When you have found how loud  and s o f t  sounds a re  produced make a  re c o rd  
in  yo u r no tebook .
(Experim ent tim e)
Model b u i ld in g ; The s i z e  o f  th e  v ib r a t io n  d e te rm in es  th e  lo u d n ess  o f  
th e  p i t c h .  S c i e n t i s t s  r e f e r  to  t h i s  as th e  ' a m p litu d e ' o f  th e  v ib r a t io n .  
An o b je c t  t h a t  v ib r a t e s  w ith  a la rg e  am p litu d e  produces lo u d e r  n o te s  
th a n  an o b je c t th a t  v ib r a te s  w ith  a sm a ll am p litu d e .
BACKGROUND INFORMATION
I t  i s  p o s s ib le  to  d i s t in g u is h  betw een two d i f f e r e n t  m u s ic a l in s tru m e n ts  
th a t  a re  p la y in g  th e  same p i tc h  and a t  th e  same lo u d n e ss . T h is p ro p e r ty  
w hich allow s you to  d i s t i n g u is h  th e  q u a l i ty  o f  d i f f e r e n t  sounds i s  
known as ' t i m b r e ' .
I n te r p r e ta t i o n  ; In  some o f th e  o ld  W estern  movies you may have seen  
an In d ia n  sco u t w ith  h i s  e a r  to  th e  ground l i s t e n in g  fo r  th e  sounds o f  
f a r  o f f  h o rse s  o r  b u f f a lo .  What do you th in k  o f  t h i s  id ea?  W rite  a 
parag raph  e x p la in in g  why you th in k  th e  sc o u t d id  t h i s .
(P aragraph)
E x p erim en ta tio n  ; You m ight t r y  to  h e a r  a  f a r  o f f  au tom obile  o r  o th e r  
sounds s im i la r  to  th e  In d ia n  sc o u t by p u t t in g  you e a r  to  th e  ground.
(Experim ent tim e)
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Concept : Sound t r a v e ls  from one p la c e  to  a n o th e r  th ro u g h  a medium
U nderstand ing  th e  concep t ; D ata from your e x p lo ra t io n  a llow  you to  
answ er th e  fo llo w in g  q u e s tio n s .
1 . What k in d s  o f m a te r ia ls  w i l l  sound t r a v e l  th rough?
2 . W ill sound t r a v e l  th rough  some m a te r ia ls  b e t t e r  chan o th e rs ?
3. Why i s  th e  s t r in g  n e c e ssa ry  in  your te le p h o n e  system ?
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P re d ic t io n  ; You know th a t  sound i s  p roduced  by v ib r a t io n s .  The 
v ib r a t io n s  o f  a tu n in g  fo rk , f o r  exam ple, t r a v e l  th rough  th e  a i r  and 
reac h  your e a r .  W ithout a i r ,  what would c a r ry  th e s e  v ib r a t io n s  to  you r 
e a r?  Think o f a way to  p re v e n t th e  sound from t r a v e l in g  from  a  tu n in g  
fo rk  to  you r ea r?  Do you know what a  vacuum is ?  I f  n o t lo o k  up th e  word 
in  a d ic t io n a r y .  W rite  a  p a rag rap h  p r e d ic t in g  w hat you th in k  you need  to  
do to  s to p  sound from  t r a v e l in g .
(P re d ic t io n )
E x p erim en ta tio n  ; You a re  now ready to  t e s t  your p r e d ic t io n .  Suspend 
an e l e c t r i c  d o o rb e ll  in s id e  a b e l l  j a r .  Connect th e  b e l l  to  a d ry  
c e l l .  When you c lo se  th e  c i r c u i t  a re  you a b le  to  h e a r  th e  b e l l?  E x p la in  
why you can h e a r  th e  b e l l .
(Experim ent tim e)
Now use  a vacuum pump to  remove th e  a i r  from  th e  j a r .  C lose th e  
c i r c u i t  as th e  a i r  i s  pumped o u t .  Record your o b s e rv a t io n s .  Did you 
p r e d ic t  c o r r e c t ly ?
(Experim ent tim e)
Measurement ; You have d is c o v e re d  th a t  sound w i l l  t r a v e l  th ro u g h  s o l i d s ,  
l i q u id s  and gases b u t no t th rough  empty sp a c e . You may be w ondering how 
f a s t  sound t r a v e l s .  You can do an experim en t to  f in d  ou t how f a s t  sound 
t r a v e l s  in  a i r .
In  t h i s  in v e s t ig a t io n  you need  to  m easure tim e . A stopw atch  i s  u s e fu l  
b u t n o t n e c e s s a ry . P erhaps someone in  your c la s s  has a w atch w ith  a 
second hand . T h a t, to o , would be u s e fu l  b u t n o t n e c e s s a ry . You can 
count in  such  a way th a t  tim e can be m easured . I f  you coun t "o n e , one 
thou san d ; tw o, one th o u san d ; th r e e ,  one thousand" you w i l l  u se  about 
th r e e  seco n d s . P r a c t ic e  u s in g  th e  co u n tin g  way o f  m easuring  tim e . I f  
your c lassroom  c lo c k  h as  a second hand , compare your c o u n tin g  to  i t .  
P r a c t ic e  u n t i l  you f e e l  you can measure tim e q u i te  w e ll  by co u n tin g .
S tand about 200 to  250 m e te rs  away from a la r g e ,  s t r a i g h t  w a l l .  The 
s id e  o f a  b u ild in g  w i l l  do. J u s t  be su re  sound can t r a v e l  s t r a i g h t  
tow ard th e  w a ll .  You a lso  need  som ething to  make a s h o r t ,  loud  sound.
As soon as th e  sound i s  made s t a r t  c o u n tin g . C ontinue to  count u n t i l  
you h e a r  th e  sound come back to  you. The r e f l e c t i o n  o f sound o f f  a smooch 
s u r fa c e  i s  c a l le d  an ’ e c h o '.
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Model b u i l d i n g ; The experim en t you have j u s t  f in i s h e d  gave you d a ta  
about th e  speed  o f sound in  a i r .  S c i e n t i s t s  have m easured i t  a t  about 
335 m /s a t  0°C. They have a ls o  found t h a t  th e  speed  o f  sound in  a i r  
in c r e a s e s  about 60 cm. p e r  second f o r  each  C e ls iu s  degree  o f  te m p e ra tu re  
r i s e .
P r e d ic t io n  ; You have b u i l t  a  model about th e  r e f l e c t i o n  o f sound from 
a  sm ooth s u r f a c e .  You have found th a t  sound w i l l  bounce o f f  th e  s u r fa c e  
a t  th e  same an g le  a t  w hich i t  h i t  th e  s u r f a c e .  Now make a  p r e d ic t io n  
abo u t w hat k in d  of an echo you w i l l  g e t when you t r y  to  bounce sound 
o f f  an i r r e g u l a r  s o f t  m a te r ia l .
( P r e d ic t io n )
I n t e r p r e t a t i o n  ; Echoes a re  n o t  w anted in  m usic h a l l s  and o th e r  l a r g e  
room s. To av o id  th o se  ech o e s, l a r g e ,  heavy d rap es  a re  o f te n  hung. The 
d a ta  you o b ta in e d  from doing you r ex p erim en ts  on echoes e x p la in  why 
d ra p e s  c u t  down ech o e s. W rite  a p a ra g ra p h  e x p la in in g  t h a t  you u n d e rs ta n d  
t h i s  id e a .
(P arag rap h )
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E x p erim en ta tio n  ; You have found how sound i s  p ro d u ced . You have a ls o  
found what i s  n e c e ss a ry  fo r  i t  to  t r a v e l .  You have b u i l t  a  'm o d e l ' o f 
sound . The n e x t experim en t w i l l  a llo w  you to  t e s t  t h a t  m odel.
You need a tu n in g  fo rk .  You a ls o  need  som ething  p ro p e r  to  s t r i k e  i t  
w i th .  You need  th r e e  p a r tn e r s  in  t h i s  e x p e rim en t. Begin by s t r i k i n g  th e  
tu n in g  fo rk  and l i s t e n i n g  to  i t .  You a l l  fo u r now know w hat i t  sounds 
l i k e .  Two o f th e  group now tu r n  around  so  th e y  canno t se e  th e  o th e r  two
who have th e  tu n in g  fo rk . They a ls o  sh o u ld  p u t c o t to n  in  t h e i r  e a r s  and
h o ld  t h e i r  hands t i g h t l y  o v e r them . Now th e  two p e rso n s  h av in g  th e  
tu n in g  fo rk  sh o u ld  move away from th e  o th e r s .  N ext th e y  sh o u ld  s t r i k e  
th e  tu n in g  fo rk .  The f i r s t  p a i r  sh o u ld  now t r y  to  t e l l  when th e  tu n in g  
fo rk  was s t r u c k .  Now change p la c e s  and re p e a t  th e  e x p e rim en t. Make 
a re c o rd  o f you r f in d in g s .
(Experim ent tim e)
You d o n 't  need  th e  c o t to n  in  t h i s  p a r t  o f  th e  ex p erim en t. Two o f  th e  
group shou ld  ta k e  th e  tu n in g  fo rk  in to  th e  h a l l  and s t r i k e  i t .  The
second two p e rso n s  sh o u ld  s ta y  in  th e  room away from  th e  d o o r . The p a i r
in  th e  room shou ld  knock on th e  door when th ey  h e a r  th e  tu n in g  f o r k .  Now 
th e  p a i r s  sh o u ld  exchange p la c e s  and r e p e a t  th e  e x p e rim en t. What d id  
you f in d  out? R ecord your f in d in g s .
(E xperim ent tim e)
Model b u i l d in g ; Your ex p erim en ts  have g iv en  you d a ta  abou t a t h i r d  
im p o rta n t p ro p e r ty  o f  sound. You have a lre a d y  b u i l t  a  model abou t how 
sound i s  p ro d u ced , a  second model abou t how sound t r a v e l s ,  now b u i ld  
a  t h i r d  model t h a t  w i l l  com plete  your d e s c r ip t io n  o f  sound.
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Concept ; Sound e x i s t s  on ly  when i t  i s  p e rc e iv e d .
U nderstand ing  th e  concep t : D ata  from your e x p lo ra t io n  e n a b le  you to
answ er th e  fo llo w in g  q u e s t io n s .
1 . What does sound mean to  a p erso n  who does n o t h e a r  i t ?
2 . How does sound depend on th e  person  p e rc e iv in g  i t ?
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I n te r p r e ta t i o n  ; A boy i s  l i s t e n in g  to  m usic th ro u g h  a s e t  o f head 
phones and a g i r l  i s  s ta n d in g  n e a rb y . The boy says he i s  l i s t e n i n g  to  
m usic . The g i r l  says she  d o e s n 't  th in k  he i s .  How does th e  g i r l ' s  answer 
compare w ith  th e  d a ta  from  your ex p erim en ts?  Why would th e  g i r l  say 
she  d i d n 't  th in k  he was l i s t e n in g  to  m usic? W rite  a  p a rag rap h  e x p la in in g  
t h i s  id e a .
(P arag raph)
I n t e r p r e ta t i o n  ; A ccording to  th e  p ro p e r ty  o f  sound you j u s t  in v e n te d ,  
th e r e  i s  no sound to  a d e a f p e rso n . Your d a t a  su p p o rt t h i s  id e a .
E x p la in  why. The f i r s t  p ro p e r ty  o f sound you in v e n te d  i s  u s e f u l  to  a 
d e a f  p e rso n . Why can a d eaf p e rso n  u se  th e  f i r s t  p ro p e r ty  in  your 
model and n o t th e  l a s t ?
(P arag raph)
I n te r p r e ta t i o n  : Im agine th a t  on a c e r t a in  day you v i s i t  a f o r e s t .
You see  a  huge dead t r e e  th a t  i s  j u s t  abou t to  f a l l  o v e r . You le a v e  
th e  f o r e s t  j u s t  a t  dark  and r e tu r n  j u s t  a t  d a y l ig h t .  You n o t i c e  th a t  
th e  t r e e  i s  now on th e  g round . I t  has f a l l e n  over d u rin g  th e  n ig h t .
Use your sound model and d ec id e  w hether o r  n o t th e  t r e e  made any sound 
when i t  f e l l .
(P aragraph)
Model b u i ld in g ; You know th a t  in  o rd e r  f o r  som eth ing  to  happen energy  
i s  re q u ire d . You use  energy  to  ru n , en ergy  to  keep warm, and energy  to  
b re a th e .  The l i g h t s  on a  c a r  u se  en erg y . Does sound r e q u ire  energy?
W rite  a p arag rap h  e x p la in in g  c h a t you u n d e rs ta n d  t h a t  sound i s  a form 
o f energy .
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O b se rv a tio n  ; Examine th e  o b je c t  g iven  you by your te a c h e r .  What k in d  
o f m a te r ia l  do you th in k  i t  i s  made o f .  Now examine some o f th e  o th e r  
o b je c ts  g iven  you a l s o .  How a re  th e  o b je c ts  d i f f e r e n t?  How a re  th e y  
th e  same?
(O b se rv a tio n )
E x p erim en ta tio n  ; Experim ent w ith  th e se  o b je c ts  to  d e te rm in e  how th e y  
b eh av e . Make a  re c o rd  o f  you r f in d in g s .
(E xperim ent tim e)
Model b u i ld in g ; The iro n  b a r  which w i l l  a t t r a c t  a l l  th e  o th e r  i r o n  p ie c e s  
i s  c a l le d  a 'm a g n e t '.
E x p erim en ta tio n  ; E xperim ent w ith  your magnet to  see  w hat k in d s  o f 
m a te r ia ls  i t  w i l l  p ic k  up . Use a l l  k in d s  o f  m a te r ia l s .  Use m e ta ls ,
g la s s ,  c lo th ,  wood, p l a s t i c  and any o th e r  m a te r ia l  you h av e . Use
d i f f e r e n t  k in d s  o f m e ta ls  to o .  Use i r o n ,  co p p er, aluminum and any o th e r
m e ta l you can f in d .  Make a  re c o rd  of th e  d i f f e r e n t  k in d s  o f m a te r ia l
th e  magnet w i l l  p ic k  up.
(E xperim ent tim e)
BACKGROUND INFORMATION
The d isco v e ry  o f m agnetism  seems to  have come about by a c c id e n t . I t  i s  
n o t r e a l l y  known e x a c tly  how m agnetism  was d is c o v e re d . The a n c ie n t 
Greeks w ro te  about magnets some 2,500 y ea rs  ago . I t  i s  a l s o  v e ry  p ro b a b le  
t h a t  th e  C hinese d isc o v e re d  m agnetism  about t h a t  tim e a l s o .  The s to r y  
i s  to ld  th a t  m agnetism  co u ld  have been d isc o v e re d  l i k e  t h i s .  A lo n g  tim e 
ago a shepherd  t i e d  a p ie c e  of m eta l to  th e  end o f h i s  s t a f f  so th a t  i t  
would n o t w ear away as he w alked a c ro ss  th e  h i l l s .  One day he n o t ic e d  
th a t  as he p laced  h i s  s t a f f  n e a r  a g ra y ish  ro ck  he f e l t  a s tra n g e  p u l l  
on th e  s t a f f .  O ther legends a re  a lso  to ld  t h a t  may o r  may n o t be t r u e .
You m ight want to  look  in  an en cy c lo p ed ia  to  f in d  ou t about some o f  them.
The o r ig in  of th e  name ' m agnet' i s  a ls o  u n c le a r .  The legend  e x i s t s  th a t
th e  f i r s t  magnets were found in  an a re a  o f G reece known as M agnesia o r
M agnates. O ther r e p o r ts  say  th e  name o f th e  f i r s t  man to  f in d  m agnetism  
was Magnes. Magnets were a lso  c a l le d  ' lo d e s to n e s ' .  The word lo d e  i s  
an o ld  E n g lish  word meaning 'c o u r s e ' .
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I n t e r p r e t a t i o n  : You a lre a d y  p ro b ab ly  know q u i t e  a  b i t  about m agnetism .
T hink  about m agnets b e fo re  you c o n tin u e  y o u r s tu d y . Can you f in d  
a n y th in g  around your home o r  sch o o l t h a t  works by m agnetism ? What k in d  
o f  m agents a re  you f a m i l i a r  w ith ?  How do th e y  behave? Do m agnets 
alw ays a t t r a c t ?
E x p e rim e n ta tio n  ; You have found t h a t  m agnets w i l l  a t t r a c t  i r o n .  Begin 
by ex p e rim e n tin g  w ith  a  b a r  magnet and some i r o n  f i l i n g s .  The b a r  magnet 
sh o u ld  be covered  w ith  a  p ie c e  o f  p ap e r to  make i t  e a sy  to  c le a n .  P lac e  
th e  magnet in  some i r o n  f i l i n g s .  Make s u re  th e  magnet i s  com ple te ly  
c o v e re d . S p r in k le  them  around i f  you n eed  t o .  Now remove th e  magnet 
and shake o f f  a l l  th e  f i l i n g s  n o t f irm ly  a t ta c h e d  to  th e  m agnet. Make 
a  re c o rd  o f  you r f in d in g s .
(E xperim ent tim e)
I n t e r p r e t a t i o n  ; Now compare how your m agnet a t t r a c t e d  th e  i ro n  f i l i n g s  
w ith  o th e r  e x p e rim e n ts . N o tic e  where th e  f i l i n g s  a re  th i c k e s t  on th e  
m agnet. In  your r e c o rd s ,  draw a p ic tu r e  o f  your system  showing ev id en ce  
o f  i n t e r a c t i o n .
(Drawing)
P r e d ic t io n  : Now exam ine a h o rse sh o e  m agnet. P r e d ic t  w here you th in k  th e
f i l i n g s  w i l l  be t h i c k e s t  when you r e p e a t  th e  e x p e rim e n t.
(P re d ic t io n )
E x p e rim e n ta tio n  ; Now t e s t  your p r e d ic t io n  by co v e rin g  th e  h o rsesh o e  
magnet w ith  iro n  f i l i n g s .  I f  you p r e d ic te d  w rong ly , t r y  to  e x p la in  why.
(E xperim ent tim e)
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Concept ; The two a re a s  on a  magnet w here th e  a t t r a c t i o n  i s  g r e a t e s t  
a re  c a l le d  'm agne tic  p o l e s ' .
U n d erstan d in g  th e  concep t ; D ata  from your e x p lo ra t io n  e n a b le  you to  
answ er th e  fo llo w in g  q u e s tio n s  :
1 . What does a  magnet do?
2 . How do iro n  f i l i n g s  behave n e a r  a magnet?
3. What types o f  m a te r ia ls  w i l l  a  magnet a t t r a c t ?
4 . What do m agnetic p o le s  have to  do w ith  m agnetism ?
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I n te r p r e t a t i o n  ; Draw a  model o f  a  b a r  m agnet. Show how many p o le s  I t  
h a s . What i s  your ev id en ce  fo r  in c lu d in g  th e  number o f  p o le s  you d id  on 
you r model? What i s  you r ev id en ce  f o r  lo c a t in g  th e  p o le s  where you d id?  
D esign s e v e r a l  o th e r  shapes f o r  m agnets. I n d ic a te  where you th in k  th e  
p o le s  would be lo c a te d .
(Draw ings)
E x p erim en ta tio n  : You have j u s t  b u i l t  a model o f  a m agnet. The d a ta
you g a th e re d  from your ex perim en ts  made th a t  model p o s s ib le .  What 
good i s  your model? B efo re  you can answ er t h a t ,  you need  more d a ta .
When d a ta  a re  needed you a lre a d y  know ex perim en ts  must be  done.
A b a r  magnet i s  needed in  t h i s  e x p e rim en t. You a lso  need  a p ie c e  o f 
s t r i n g  about 30 cm. lo n g . T ie  th e  s t r i n g  around th e  m iddle o f th e  m agnet. 
Mark each  end o f th e  magner w ith  a d i f f e r e n t  c o lo r .  E xperim ent w ith  your 
s t r i n g  and m agnet. You sh o u ld  be a b le  to  h o ld  one end o f th e  s t r i n g  and 
th e  magnet a t  th e  o th e r  end shou ld  rem ain f l a t .
You a re  now ready  to  b eg in  g a th e r in g  d a ta .  Go ou t o f doors o r  in  th e  
c e n te r  o f a  la rg e  room such as th e  gym. Be s u re  th e re  i s  no i ro n  o r 
o th e r  m a te r ia l  m agnets a t t r a c t  around you. What ev id en ce  do you have 
th a t  p roves  you shou ld  n o t be n e a r  c e r t a in  m e ta ls?  Hold one end o f th e  
s t r i n g  about w ith  your f in g e r s  so  t h a t  th e  magnet i s  f l a t .  O bserve th e  
magnet u n t i l  i t  s to p s  sw ing ing . In  what d i r e c t io n s  do th e  ends o f th e  
m agnets p o in t?  R epeat th e  experim en t in  a t  l e a s t  f iv e  d i f f e r e n t  lo c a t io n s .  
Record a l l  o f your d a ta .  Compare your d a ta  w ith  o th e r  ex p e rim en ts .
(E xperim ent tim e)
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Model b u i l d in g ; The end o f th e  magnet w hich p o in ts  n o r th  i s  c a l le d  th e  
'n o r th  p o l e ' .  The end o f th e  magnet w hich p o in ts  so u th  i s  c a l le d  th e  
's o u th  p o l e ' .
I n t e r p r e t a t i o n  ; Use d a ta  your experim en t p roduced . W rite  a  p a rag rap h  
e x p la in in g  what th o se  names mean. The p o le s  o f  a  magnet a re  o f te n  c a l le d  
'n o r th - s e e k in g ' and 's o u th - s e e k in g ' p o le s .  Your d a ta  t e l l  you why.
(P arag raph )
E x p erim en ta tio n  : For t h i s  experim ent you w i l l  need  two m agnets. Bar
magnets o r  ho reshoe  m agnets w i l l  do. Hold a m agnet in  each  hand and 
slow ly  b r in g  t h e i r  ends to g e th e r .  What do you observe?  Make a  re c o rd  o f 
your o b s e rv a tio n . Now re v e rse  one o f th e  m agnets. Again b r in g  th e  ends 
to g e th e r .  What do you o b se r /e ?  Make a  re c o rd  o f  th a t  o b s e rv a tio n  a ls o .  
Based upon what you have observed  so f a r ,  how do th e  p o le s  o f magnets 
i n t e r a c t ?  Make a reco rd  of t h i s  model o f in t e r a c t io n  you have b u i l t .  You 
w i l l  need i t  fo r  th e  n ex t ex perim en t.
(Experim ent tim e)
Model b u i l d in g ; You have found th a t  some com binations o f p o le s  to g e th e r  
w i l l  produce a t t r a c t i o n  betw een th e  m agnets and some w i l l  p roduce r e p u ls io n .
E x p erim en ta tio n  ; I s  th e re  a p a t te r n  th a t  w i l l  e x p la in  th e  a t t r a c t i o n  and 
re p u ls io n ?  To f in d  out you w i l l  need to  mark b o th  m agnets w ith  n o r th  and 
so u th  p o le s .  How i s  t h i s  done? Check you r n o te s  i f  you a re  n o t c l e a r .
Now experim ent b r in g in g  the  p o le s  o f two magnets n e a r  each  o th e r  and make 
a  reco rd  o f each com bination you t r y .  Do t h i s  as many tim es as you need 
to  u n t i l  you have found a r e l a t io n s h ip .
(E xperim ent tim e)
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Model b u i ld in g ; You have found t h a t  when l i k e  p o le s  a re  b ro u g h t n e a r  
each  o th e r  they  r e p e l  and when u n lik e  p o le s  a re  b ro u g h t n e a r  each o th e r  
th e y  a t t r a c t .
I n te r p r e ta t i o n  ; W rite  a p a rag rap h  about how you would p ro ceed  to  d e te rm in e  
th e  p o le s  on a  magnet i f  you have a n o th e r  magnet w ith  th e  p o le s  marked on 
i t .  For t h i s  e x c e rc is e  you sh o u ld  n o t c o n s id e r  going back o u ts id e  as 
you d id  p re v io u s ly . You shou ld  u se  th e  magnet w ith  th e  p o le s  a lre a d y  
de te rm in ed  to  f in d  th e  p o le s  on th e  ' unknown' m agnet.
(P arag raph)
O b se rv a tio n ; To h e lp  l a b e l  m agnetic  p o le s ,  you t i e d  a magnet to  a s t r i n g .  
The same end o f th e  magnet always p o in te d  ap p ro x im ate ly  n o r th .  Now g e t  a 
com pass. Go o u ts id e  o r s ta n d  a  lo n g  way from m e ta l. Hold th e  compass 
f l a t  in  your hand . N o tice  which way i t  p o in t s .  Turn th e  compass around 
b u t keep i t  f l a t .  Observe what happens.
(O bserva tion )
I n t e r p e t a t i o n : You have g a th e re d  d a ta  abou t th e  compass. U sing a l l
th e s e  d a ta ,  d ec id e  what you b e l ie v e  a  compass n e e d le  i s .  Record your 
d e c is io n .
(P arag raph)
E x p erim en ta tio n  : Now do an ex p erim en t to  t e s t  your d e c is io n .  The model
you made about how m agnetic  p o le s  i n t e r a c t  w i l l  h e lp  you.
(Experim ent tim e)
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E x p e rim e n ta tio n  ; The ex p erim en ts  you have done so  f a r  a llo w ed  you to  
b u i ld  m odels about m agnets. When you pushed th e  p o le s  o f  m agnets 
to g e th e r  you f e l t  som eth ing . You f e l t  th e  m agnets a t t r a c t  o r  r e p e l  
each  o th e r .  What caused  t h a t  a t t r a c t i o n  and re p u ls io n ?  Where i s  t h i s  
m y s te r io u s  's o m e th in g '?  What does i t  lo o k  l ik e ?  H ere ag a in  you need 
d a ta  to  answ er th e s e  q u e s t io n s .
To b eg in  w ith  you w i l l  need  a  b a r  m agnet. Lay th e  magnet in  th e  m iddle 
o f  a  l a r g e  p ie c e  o f  p a p e r . Cover th e  magnet w ith  a  second  p ie c e  o f 
p a p e r . Now s p r in k le  j u s t  a  few i ro n  f i l i n g s  in  th e  sp ace  n e a r  th e  p o le s  
o f th e  m agnet. O bserve w hat h appens. Why sh o u ld  you have e x p e c te d  what 
you say?
(E xperim en t tim e)
Now s p r in k le  iro n  f i l i n g s  in  a l l  d i r e c t io n s  from each  p o le .  C ontinue 
to  s p r in k le  iro n  f i l i n g s  n e a r  th e  magnet u n t i l  you can c l e a r ly  see  what 
i s  h ap p en in g . Next s t a r t  a t  one p o le  and s p r in k le  f i l i n g s  o u t from i t .  
Keep s p r in k l in g  f i l i n g s  o u t from each  p o le  in  a l l  d i r e c t i o n s .  C ontinue 
s p r in k l in g  f i l i n g s  u n t i l  th e  magnet h as  no a f f e c t  on them.
(E xperim en t tim e)
I n t e r p r e t a t i o n  ; Compare th e  s iz e  o f  th e  a r e a  in  w hich th e  m agnet a f f e c t s  
i ro n  f i l i n g s  to  th e  s iz e  o f th e  m agnet. Which i s  la rg e r ?  R ecord how 
th e  m agnet and th e  a re a  com pare. Draw a l i n e  around th e  a re a  where 
i r o n  f i l i n g s  a re  a f f e c te d .
(P a rag rap h  & Drawing)
E x p e rim e n ta tio n  : Now re p e a t  th e  ex p erim en t u s in g  a h o rse sh o e  m agnet.
Make com parisons betw een w hat you saw w ith  th e  b a r  and h o rse sh o e  m agnets. 
Be s u re  to  f in d  ou t how f a r  away from th e  magnet i t  a f f e c t s  i r o n  f i l i n g s .  
Draw a  l i n e  around how f a r  from th e  magnet i ro n  f i l i n g s  a re  a f f e c t e d .
(E xperim en t tim e)
P la c e  th e  b a r  magnet in  th e  m idd le o f th e  p ie c e  o f  p a p e r . G a th e r some 
p a p e r c l i p s ,  thumb ta c k s  and o th e r  o b je c ts  m agnets a t t r a c t .  F ind out 
how c lo s e  th e se  o b je c ts  m ust be pushed tow ard  th e  magnet b e fo re  i t  
a t t r a c t s  them . F ig u re  o u t a way to  m easure ' c l o s e ' .  Compare your 
r e s u l t s  w ith  o th e r  e x p e r im e n te rs . Now do th e  same th in g  w ith  a h o rse ­
shoe m agnet. % a t  d if f e r e n c e  in  m easuring  th e  c lo se n e ss  o f o b je c ts  to  
th e  magnet does th e  m a g n e t's  shape make?
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I n t e r p r e t a t i o n  ; Compare th e  s iz e  o f  th e  i r o n  f i l i n g s  to  o th e r  o b je c ts .  
What d i f f e r e n c e  do you suppose th e  s i z e  o f  th e  o b je c ts  makes?
(P arag raph )
INVENTION
Concept ; The sp ace  around a magnet in  w hich o th e r  o b je c ts  a re  a t t r a c t e d  
to  i t  i s  c a l le d  a  'm a g n e tic  f i e l d ' . Because m agnetic  f i e l d s  can  make 
o b je c ts  move th e y  c o n ta in  'e n e r g y '.
U nderstand ing  th e  c o n c e p t; D ata from  y o u r e x p lo ra t io n  en ab le  you 
to  answer th e  fo llo w in g .
1. What i s  a m agnetic  f ie ld ?
2 . How c lo s e  m is t o b je c ts  be to  a magnet b e fo re  b e in g  a t t r a c t e d  
to  i t ?
3. How do iro n  o b je c ts  o f d i f f e r e n t  s iz e  behave in  a  m agnetic  f i e ld ?
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I n te r p r e t a t i o n  : What shape i s  th e  m agnetic  f i e l d  o f your b a r  magnet?
What i s  th e  l a r g e s t  p a r t .  How la rg e  i s  i t ?  What shape i s  th e  m agnetic  
f i e l d  o f  your h o rse sh o e  magnet? What i s  th e  d i f f e r e n c e  betw een th e  
m agnetic  f i e l d s  o f a  b a r  magnet and a  h o rse sh o e  magnet ?
(P arag raph)
E x p erim en ta tio n  ; Your experim en ts  have shown you s e v e r a l  m agnetic  
f i e l d s .  But you h av en ’t  s tu d ie d  a d e t a i l e d  model o f  one. You have 
a lre a d y  exp erim en ted  w ith  an o b je c t w hich w i l l  h e lp  you. T hat o b je c t 
i s  a com pass. You know a compass i s  a  m agnet. Be su re  you know which 
end o f  th e  compass n e e d le  i s  th e  n o r th - s e e k in g  end . In  a d d i t io n  to  
th e  com pass, you need a b a r  m agnet. Hold th e  compass n e e d le  n e a r  f i r s t  
one end o f th e  magnet and th e n  th e  o th e r .  What happens to  th e  compass 
n eed le  when sw itc h in g  ends o f th e  magnet?
(Experim ent tim e)
What happens to  th e  compass n eed le  betw een th e  ends o f  th e  magnet? You 
d o n 't  know th e  answer to  th a t  q u e s tio n . What has to  happen i s  th e  
compass must be moved th ro u g h  a m agnetic  f i e l d .  So th e  p ro p e r  way to  ask  
th e  q u e s tio n  i s  what happens to  a compass as i t  moves th ro u g h  a  m agnetic  
f ie ld ?
You need  a la rg e  p ie c e  o f p a p e r . A b a r  magnet and a compass a re  a lso  
n eed ed . P la c e  th e  magnet in  th e  c e n te r  o f th e  p a p e r . Draw l i n e s  around 
th e  magnet to  mark i t s  p la c e .  Also mark on th e  p ap er where th e  ’N’ and 
'S ' p o le s  o f  th e  magnet a r e .  Those m arkings may save you a l o t  o f  tim e .
I f  th e  magnet i s  moved you know e x a c tly  how to  re p la c e  i t .  You w o n 't 
have to  s t a r t  o v e r .
Begin by h o ld in g  th e  compass a g a in s t  one o f th e  p o le s  o f  th e  m agnet.
Draw a  s h o r t  l i n e  to  show th e  p o s i t io n  o f th e  compass n e e d le .  Be su re
to  mark th e  p o s i t io n  o f th e  n o r th -s e e k in g  end . Use an arrow . Now p la c e
th e  compass a g a in s t  th e  o th e r  p o le . Again mark th e  p o s i t io n  o f  th e  n o r th  
seek in g  end o f th e  compass n e e d le . Move th e  compass around th e  m agnet. 
P lac e  i t  in  a t  l e a s t  20 d i f f e r e n t  p la c e s .  Always u se  an arrow  to  in d ic a te
th e  d i r e c t io n  o f  th e  compass n e e d le 's  n o r th  seek in g  end .
(Experiment time)
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Model b u i ld in g ; A compass always g iv es  you a d i r e c t io n .  What you have
done i s  to  p lo t  o r  'm ap' th e  f i e l d  around a m agnet.
I n te r p r e ta t i o n  ; U sing your d a ta  w r i te  a  p a rag rap h  about th e  d i r e c t io n s
a  compass g iv e s  w ith in  a  m agnetic  f i e l d .
(P aragraph)
O bse rv a tio n  ; You know th a t  th e  n e e d le  on a compass i s  a m agnet. To 
rev ie w , do t h i s  e x e r c i s e .  Get a p ie c e  o f  i r o n .  A n a i l  w i l l  do . Hold 
th e  iro n  o b je c t  c lo se  to  th e  compass. N o tic e  how th e  compass n e e d le  
i s  a t t r a c t e d  to  th e  i r o n .  Observe how th e  end o f  th e  compass h e ld  
c lo s e s t  to  th e  iro n  i s  a t t r a c t e d  to  i t .  You can make f i r s t  one end o f 
th e  compass and th e n  th e  o th e r  be a t t r a c t e d  to  th e  n a i l .  D ata from 
your ex p erim en ts  have to l d  you th a t  m agnets a t t r a c t  unm agnetized  i r o n .
E xperim en ta tion  ; Now ta k e  th e  unm agnetized n a i l  and s tro k e  i t  in  
one d i r e c t io n  w ith  th e  n o r th  p o le  of a  s tro n g  b a r  m agnet. T e s t th e  n a i l  
now w ith  a  com pass. Record your o b se rv a tio n s  and t r y  to  e x p la in  why 
th i s  happened .
(Experim ent tim e)
Model b u i ld in g ; You a re  a b le  to  m agnetize  a  p ie c e  of i ro n  by s tro k in g  
i t  w ith  a  perm anent m agnet. Your new magnet h as  a so u th  p o le  and a 
n o rth  p o le  as does any o th e r  m agnet.
E x p erim en ta tio n  ; Cut your m agnetized  n a i l  in  h a l f  u s in g  a p a i r  o f 
s tro n g  w ire  c u t t e r s .  Now t e s t  each h a l f  o f  th e  n a i l  w ith  a compass. 
Make a  draw ing o f th e  m agnetic  f i e l d  u s in g  arrow s.
(Experim ent tim e)
Model b u i ld in g ; When a magnet i s  cu t in  h a l f  each  p ie c e  a c t s  l i k e  a 
magnet in  i t s e l f  e x h ib i t in g  b o th  n o r th  and so u th  p o le s .
I n te r p r e ta t i o n  ; R ec a ll th a t  w ith  e l e c t r i c i t y  i t  i s  p o s s ib le  to  pu t 
a p o s i t iv e  charge on an o b je c t o r a n e g a t iv e  charge  on an o b je c t .
Using a l l  th e  in fo rm a tio n  you have c o l le c te d  so f a r ,  do you th in k  i t  i s  
p o s s ib le  to  have a magnet w ith  only  a n o r th  p o le  o r  a so u th  po le?  W rite  
a parag raph  e x p la in in g  why you th in k  as you do .
(P aragraph)
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You may have wondered i f  e l e c t r i c i t y  and m agnetism  a re  r e l a t e d .  You 
have found some of th e  p r o p e r t ie s  o f e l e c t r i c i t y  and m agnetism  seem 
to  c o rre sp o n d . For exam ple l i k e  charges  in  e l e c t r i c i t y  and l i k e  p o le s  
in  m agnetism  r e p e l .  S im i la r ly ,  u n lik e  ch a rg es  in  e l e c t r i c i t y  and 
u n lik e  p o le s  in  magnetism a t t r a c t .  You have a ls o  found some d if f e r e n c e s  
betw een e l e c t r i c i t y  and m agnetism . For exam ple i t  i s  p o s s ib le  to  have 
an o b je c t  e l e c t r i c a l l y  charged  w ith  one type  o f  e l e c t r i c i t y ,  b u t i t  i s  
n o t p o s s ib le  to  have a  magnet w ith  on ly  one p o le .
E x p e rim en ta tio n  ; In  t h i s  f i r s t  experim ent a  l o t  o f  c u r re n t  i s  r e q u ire d . 
From your s tu d y  o f e l e c t r i c i t y  you know how to  produce a  l o t  o f c u r re n t  
w ith  s e v e ra l  d ry  c e l l s .  I f  you a re  n o t c l e a r ,  go back and check your 
n o te s .  S e t up a  s e r ie s  c i r c u i t  u s in g  two d ry  c e l l s  and a s in g le  l i g h t  
b u lb . Be su re  to  t e s t  th e  c i r c u i t  to  see  t h a t  i t  i s  f u n c t io n a l .
You have a ls o  found th a t  a  compass w i l l  i n d ic a te  th e  d i r e c t io n  o f a 
m agnetic f i e l d .  You can u se  a compass to  t e s t  f o r  ev idence  o f  a m agnetic  
f i e l d .  Now a rran g e  your w ire  so  t h a t  you h av e  a long  v e r t i c a l  s e c t io n  
about one m e te r . Run th e  v e r t i c a l  s e c t io n  th ro u g h  a p ie c e  o f  cardboard  
and su p p o rt i t  on a r in g  s ta n d . Now tu rn  on th e  c i r c u i t  and use a 
compass to  t e s t  fo r  th e  p re sen ce  o f in t e r a c t io n .  What do you f in d ?
(E xperim ent tim e)
I n te r p r e ta t i o n  ; Use your d a ta  from th e  p re v io u s  experim ent to  d e sc r ib e  
what you th in k  th e  m agnetic  f i e l d  around a h o r iz o n ta l  s e c t io n  o f w ire  
lo o k s l i k e .
(P arag rap h )
E x p erim en ta tio n  ; Use th e  compass to  p lo t  th e  m agnetic f i e l d  around th e  
w ire .  Make a draw ing o f  your ap p a ra tu s  and in d ic a te  th e  d i r e c t io n  th e  
compass p o in t s .  Use an arrow  to  in d ic a te  th e  N p o le  o f th e  compass. 
Also in d ic a te  th e  d i r e c t io n  o f th e  c u r re n t f lo w in g  in  th e  w ire .
(Experiment time)
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P r e d ic t i o n ; P r e d ic t  what you  th in k  w i l l  happen to  th e  m agnetic  f i e l d  
when th e  c u r re n t  i s  r e v e rs e d  in  th e  e l e c t r i c a l  sy stem .
( P re d ic t io n )
E x p e rim e n ta tio n  : Now t e s t  your p r e d ic t io n  by r e v e r s in g  th e  c u r re n t  and
p lo t  th e  m agnetic  f i e l d  u s in g  a com pass.
(E xperim ent tim e)
P r e d ic t io n  : Are th e r e  o th e r  fo rc e s  o th e r  th a n  th e  c u r r e n t  w hich may
a f f e c t  th e  compass re a d in g ?  P r e d ic t  what you  th in k  w i l l  happen as you 
change th e  number o f  d ry  c e l l s  in  th e  c i r c u i t .  P r e d ic t  b o th  f o r  adding  
and re d u c in g  th e  number o f  d ry  c e l l s .
(P re d ic t io n )
E x p e rim e n ta tio n  : Now t e s t  your p r e d ic t io n  by p e rfo rm in g  th e  ex p erim en t.
(E xperim ent tim e)
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Concept ; C u rren t f lo w in g  th rough  a w ire  w i l l  produce a  m agnetic  f i e l d  
around th e  w ire .  T h is  phenomenon i s  known as 'e le c tro m a g n e tism * .
U n d ers tan d in g  th e  concept ; D ata  from your e x p lo ra t io n  en ab le  you 
to  answ er th e  fo llo w in g .
1 . What can you say about th e  m ag n e tic  f i e l d  when no c u r re n t  
i s  flow ing  in  a  w ire?
2 . What p roduces a  m agnetic  f i e l d  around a w ire?
3. What i s  th e  shape of th e  m agnetic  f i e l d  around a c u r r e n t  c a r ry in g  
w ire?
4. How a re  e l e c t r i c i t y  and m agnetism  r e la te d ?
5 . What does th e  d i r e c t io n  o f  th e  c u r r e n t  have to  do w ith  
th e  m agnetic  f i e ld ?
6 . How does changing  th e  amount o f c u r re n t  in  th e  w ire  change 
th e  m agnetic  f i e ld ?
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I n te r p r e ta t i o n  ; The d i r e c t io n  o f  a  m agnetic  f i e l d  depends on th e  
d i r e c t io n  o f  th e  flow  o f c u r re n t  in  th e  w ire .  T here  i s  a  co n v en ien t 
way to  remember th e  r e l a t io n s h ip  o f a  m agnetic  f i e l d  to  th e  c u r re n t  in  
a  w ire .  I t  i s  c a l le d  th e  ' l e f t  hand r u l e '  and i t  w orks l i k e  t h i s .  P o in t 
your l e f t  thumb in  th e  d i r e c t io n  o f th e  c u r r e n t  flow  along  th e  w ire  
(tow ard  th e  '+ '  p o le  o f th e  d ry  c e l l ) . Then c u r l  yo u r f in g e r s  around 
th e  w ire .  They w i l l  alw ays p o in t  in  th e  d i r e c t io n  o f  th e  arrow s you have 
draw n. T hat i s  th e y  w i l l  p o in t tow ard  th e  n o r th - s e e k in g  p o in t  o f  th e  
com pass. Go back  to  your d a ta  and t r y  ou t th e  l e f t  hand r u le  to  see  
how i t  w orks.
P re d ic t io n  ; So f a r  you have been  w orking w ith  a  s t r a i g h t  p ie c e  o f w ire . 
You now w i l l  change your a p p a ra tu s  scmewhat by making th e  w ire  in to  a 
lo o p . You w ire  loop  sh o u ld  be about 10 cm. in  d ia m e te r . B efo re  you 
experim ent p r e d ic t  what you th in k  th e  m agnetic  f i e l d  w i l l  be a t  s e v e ra l  
p la c e s  around th e  lo o p . Make a draw ing and a re c o rd  o f your p r e d ic t io n .
(P re d ic t io n )
E x p erim en ta tio n  : You a re  now ready  to  t e s t  your p r e d ic t io n .  Use a
compass to  d e te rm in e  th e  m agnetic  f i e l d  around a  lo o p  o f c u r re n t  c a r ry in g  
w ire .
(E xperim ent tim e)
Model b u i l d in g ; A ll th e  s e c t io n s  o f  w ire  in  a  loop  produce m agnetic 
f i e l d s  in  th e  same d i r e c t io n .  The f i e l d  in  th e  c e n te r  of th e  w ire  i s  
s t ro n g e r  th a n  one produced  by th e  same c u r re n t  in  a  s t r a i g h t  w ire  because 
th e  loop  com bines th e  a f f e c t  o f th e  e n t i r e  s e c t io n  o f  w ire .
P r e d ic t io n ; What do you th in k  w i l l  happen when you make a  system  w ith  
s e v e ra l  loops?
(P re d ic t io n )
E x p erim en ta tio n  ; T e s t your p r e d ic t io n  by making a system  w ith  s e v e ra l  
lo o p s .
(E xperim ent tim e '
Now add a la rg e  n a i l  to  your system . Wind many lo o p s  o f w ire  around th e  
n a i l .  Where w i l l  th e  compass in d ic a te  th e  n o r th - s e e k in g  m agnetic  f i e l d  
is ?  What i s  th e  purpose o f th e  n a i l?
(Experim ent tim e)
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Model b u i ld in g ; You have c o n s tru c te d  an 'e le c t r o m a g n e t '.  An e le c tro m a g n e t 
used  th e  flow  o f e l e c t r i c i t y  in  a w ire  to  produce a m agnetic  f i e l d .
E x p e rim en ta tio n  ; T e s t th e  m agnetic  f i e l d  a t  s e v e ra l  p o in ts  around your 
e le c tro m a g n e t w ith  a  compass. Make a p lo t  o f  th e se  in  your r e c o rd s .
(E xperim ent tim e)
Model b u i ld in g ; An e lec tro m ag n e t has p o le s  and in  many r e s p e c ts  resem bles 
a  b a r  m agnet.
I n t e r p r e t a t i o n  ; T here a re  many u ses  f o r  e le c tro m a g n e ts . These u se s  
depend upon th r e e  c h a r a c t e r i s t i c s  o f  e le c tro m a g n e ts  you have d is c o v e re d .
1 . E lec tro m ag n e ts  can be made ex trem ely  po w erfu l.
2 . The m agnetism  o f an e le c tro m a g n e t can be tu rn e d  on and o f f .
3 . The d i r e c t io n  o f m agnetism  can be re v e rs e d  in  an e le c tro m a g n e t.
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O b serva tion  ; You w i l l  now I n v e s t ig a te  some o f  th e  uses o f  e le c tro m a g n e ts . 
B egin by c lo s e ly  exam ining a te le g ra p h .  Make a draw ing and la b e l  each  
o f  th e  p a r t s .
(Drawing)
E x p erim en ta tio n  ; Now make a system  u s in g  th e  te le g r a p h ,  a  te le g r a p h  
key (sw itch ) and a dry  c e l l  to  p roduce in t e r a c t io n .
(Experim ent tim e)
T h is  id e a  can be expanded to  a n o th e r  s im p le  d e v ic e , an o rd in a ry  
door b u zze r . Examine one c lo s e ly  and make a sk e tc h  o f th e  im p o rta n t 
p a r t s .  Make a  system  o f a door b u z z e r ,  d ry  c e l l  and a sw itch  to  p roduce 
in t e r a c t io n .  Why does th e  c la p p e r  v ib r a te  as i t  does? What i s  th e  
purpose  o f  th e  'c o n ta c t  p o in t s '?
(Experim ent tim e)
I n t e r p r e t a t i o n  ; Some door b e l l s  do n o t b u z z , r a th e r  make a s e r ie s  o f 
ch im es. How do you th in k  th ey  work? Make a draw ing of w hat you th in k  
i s  in s id e  one o f th e s e  k inds o f  d o o r b e l l s .
(Drawing)
E x p erim en ta tio n  ; Use an e lec tro m ag n e t to  p ic k  up as many n a i l s  as you 
can . When you p ic k  up th e  n a i l s  a re  you do ing  any work? I s  th e  
e lec tro m ag n e t doing any th ing?
(E xperim ent tim e)
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Concept ; The p r o p e r t ie s  o f e le c tro m a g n e tism  can be u sed  to  c o n v e rt 
e l e c t r i c a l  en erg y  in to  m echan ical en e rg y .
U n d ers tan d in g  th e  c o n c e p t: D ata from yo u r e x p lo ra t io n  have g iven  you
th e  fo llo w in g  in fo rm a tio n .
1 . The e l e c t r i c  c u r re n t  in  th e  e le c tro m a g n e t o f  a  te le g ra p h  
p ro d u ces  energy to  move th e  c la p p e r  w hich makes th e  c l ic k in g  
sound .
2 . A b u z z e r  u t i l i z e s  an i n t e r n a l  s w itc h in g  system  to  tu r n  
th e  e le c tro m a g n e t on and o f f  v e ry  f a s t .  T h is  p roduces 
th e  b u zz in g  sound.
3 . An e le c tro m a g n e t produces m ech an ica l energy  in  p ic k in g  up 
n a i l s  t h a t  i s  d e r iv e d  from e l e c t r i c a l  e n e rg y .
BACKGROUND INFORMATION
For many y e a rs  s c i e n t i s t s  had f u t i l e l y  t r i e d  to  p roduce  m agnetism  from 
e l e c t r i c  c u r r e n t .  They had a ls o  t r i e d  to  produce e l e c t r i c  c u r r e n ts  
from m agnetism  b u t w ere u n ab le  to  do so  They had  been  u n a b le  to  
e s t a b l i s h  a  r e la t io n s h ip  betw een m agnetism  and e l e c t r i c i t y .  In  th e  
e a r ly  1 8 0 0 's  no r e la t io n s h ip  had been  d is c o v e re d . Then in  1819 a 
D anish  s c i e n t i s t s  named Hans C h r is t ia n  O e rs te d  made a  rem arkab le  
d is c o v e ry . He was te a c h in g  a  c la s s  about e l e c t r i c i t y  when he p la ced  
a  compass n e x t to  a c u r re n t  c a r ry in g  w ire  as you have done. You a lre a d y  
know w hat happened to  th e  com pass. O e rs ted  had t r i e d  b e fo re  to  .in d  
a  m ag n e tic  f i e l d  w ith  a  compass b u t  had been  u n ab le  to  do s o .  When 
he  tu rn e d  th e  c u r re n t  o f f ,  th e  compass r e tu rn e d  to  i t s  o r ig i n a l  
p o s i t i o n .  He th e n  r e a l iz e d  th a t  he  had d is c o v e re d  th e  c o n n e c tio n  
betw een e l e c t r i c i t y  and m agnetism .
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O b serv a tio n  : T here i s  a n o th e r  way to  c o n v e r t e l e c t r i c a l  energy  in to
m echan ical e n e rg y . Look a t  th e  draw ing below . In  th e  c e n te r  i s  a 
magnet th a t  i s  f r e e  to  r o t a t e .  T h is  i s  a  p iv o t a l  m agnet. On each  s id e  
o f  th e  p iv o ta l  magnet i s  a  s ta t io n a r y  b a r  m agnet. Now make a n o th e r  
draw ing to  show w hat you th in k  w i l l  happen when th e  p iv o t a l  magnet i s  
a llow ed  to  r o t a t e .
I n t e r p r e t a t i o n ; The p iv o ta l  magnet o n ly  makes l e s s  th a n  o n e -h a lf  o f 
a r e v o lu t io n  ( l e s s  th a n  1 8 0 ° ) . T hink o f  a  way to  make th e  magnet re v o lv e  
c o n t in u a l ly .  W rite  down how you th in k  t h i s  cou ld  be done.
(P arag raph)
Model b u i ld in g : The magnet t h a t  i s  f r e e  to  r o t a t e  would do so c o n t in u a l ly
i f  th e  p o le s  cou ld  be changed ev e ry  180°: i . e . ,  ev e ry  h a l f  r e v o lu t io n .
The p o le s  o f  a perm anent magnet cannot be re v e r s e d .  However, th e  p o le s  
o f  an e lec tro m ag n e t can be r e v e rs e d . You a lre a d y  know th a t  to  do t h i s  
a l l  you need  do i s  change th e  d i r e c t io n  o f  th e  c u r r e n t .
E x p erim en ta l on : You a re  going to  make a d e v ic e  t h a t  w i l l  u t i l i z e d  th e
in fo rm a tio n  you have d is c o v e re d . F i r s t  make a  p iv o ta l  e le c tro m a g n e t.
To make th e  co re  saw two 16-penny n a i l s  to  a  le n g th  o f  abou t 5 cm. Wrap 
th e  in s u la te d  copper w ire  around th e  n a i l s .  Now s t a r t  w ind ing  a t  th e  
m iddle o f th e  n a i l s ,  le a v in g  40 cm. o f  unused  w ire  a t  th e  end as you 
b eg in  to  w ind. Wind from th e  c e n te r  o f  th e  n a i l s  a l l  th e  way down to  
one end b u t do n o t wind so c lo se  to  th e  end th a t  th e  w ire  s l i p s  o f f .
Wind back  a l l  th e  way to  th e  o th e r  en d , th e n  back  to  th e  m id d le . When 
you f i n i s h ,  c u t th e  w ire  to  a llow  40 cm. o f f r e e  w ire  a t  t h i s  end a l s o .
Now make th e  p iv o t  fo r  th e  e le c tro m a g n e t. D rive a  long  n a i l  in to  th e  
c e n te r  o f a  wooden b a s e . Then sh a rp en  th e  end o f  th e  n a i l .  Now s e a l  a 
p ie c e  o f g la s s  tu b in g  a t  one end so t h a t  i t  i s  smooth and concave. When 
th e  tu b in g  i s  c o o l ,  cu t i t  to  a le n g th  o f  about 10 cm. and i n s e r t  i t  
th ro u g h  a la rg e  o n e -h o le  ru b b er s to p p e r .  P lac e  th e  g la s s  tu b in g  o v er 
th e  sharpened  n a i l .  F asten  th e  e le c tro m a g n e t s e c u re ly  to  th e  top  o f 
th e  ru b b er s to p p e r  w ith  ru b b e r bands o r  ta p e .  The p iv o ta l  e le c tro m a g n e t 
i s  c a l le d  an ' a rm a tu re ' .
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N ext mount th e  two b a r  m agnets so t h a t  one N p o le  and one S p o le  
w i l l  be n e x t to  th e  a rm a tu re . These non-m oving m agnets a re  c a l le d  
' f i e l d  p o le s ' .
You a re  now ready  to  b e g in  e x p e rim e n tin g . Connect th e  w ire s  from  th e  
a rm a tu re  to  a c e l l  o r a b a t t e r y  o f  two o r  th r e e  c e l l s .  I f  you have 
c o n s tru c te d  your equipm ent c a r e f u l ly  you sh o u ld  o b se rv e  i n t e r a c t i o n .
Make a  re c o rd  o f  i t .
(E xperim ent tim e)
Now re v e rs e  th e  c u r re n t  in  th e  e le c tro m a g n e t and o b se rv e  w hat happens.
Do t h i s  s e v e ra l  t im e s .
(E xperim ent tim e)
I n t e r p r e t a t i o n ; Does th e  a rm a tu re  tu rn  in  any p a r t i c u l a r  d i r e c t io n ?
Can i t  tu rn  e q u a l ly  w e ll in  e i t h e r  d i r e c t io n ?  Does t h i s  a g re e  w ith  
w hat you know about th e  b e h a v io r  o f  l i k e  and u n l ik e  m agnetic  p o le s?
(p a rag rap h )
P r e d ic t io n  : What w i l l  happen to  th e  m otion  o f  th e  a rm a tu re  i f  one f i e l d  
magnet i s  removed? What w i l l  happen i f  one o f th e  f i e l d  m agnets i s  
re v e rse d ?
(P re d ic t io n )
E x p e rim en ta tio n  : T e s t your p r e d ic t io n s  by e x p e rim e n tin g .
(E xperim ent tim e)
Model b u i ld in g : The a rm a tu re  w i l l  r o ta t e  c o n tin u o u s ly  i f  you keep
re v e r s in g  th e  c u r re n t  e v e ry  h a l f  r e v o lu t io n .  T h is  would be a problem  i f  
you w ere to  do t h i s  by hand . Some e l e c t r i c  m otors tu r n  as h ig h  as 
20 ,000 tim es a m in u te . To accom plish  t h i s  you need a s p e c ia l  k in d  of 
s w i tc h .  I t  w i l l  need to  o p e ra te  v e ry  r a p id ly  and change a t  w ha tev er 
sp eed  th e  m otor i s  tu rn in g .  I t  a ls o  m ust be made so t h a t  th e  w ire s  
w i l l  n o t wind up on th e  a rm a tu re .
E x p e rim en ta tio n  : To make t h i s  k in d  o f  sw itc h  p e e l th e  i n s u la t io n  o f f
o f  th e  two w ire s  coming from th e  a rm a tu re  fo r  about two c e n t im e te r s .
Then ta p e  them to  th e  g la s s  tu b in g  so t h a t  th ey  a re  d i r e c t l y  below th e  
e le c tro m a g n e t. Now b a re  th e  ends o f  two o th e r  p ie c e s  o f w ire  by 2 cm. 
a ls o  and bend them in  an a rc  to  f i t  around th e  g la s s  tu b in g . Mount 
them  on th e  board  and b r in g  th e  b a re  ends in  c o n ta c t w ith  th e  g la s s  
tu b in g  so th a t  th e  arm a tu re  w ire s  w i l l  b ru sh  a g a in s t  them .
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Now exam ine what you have b u i l t .  How does t h i s  arrangem ent s r^ tis fy  
th e  req u ire m en ts  p re v io u s ly  m entioned? How o f te n  i s  th e  c u r re n t  re v e rse d ?  
How f a s t  can th e  c u r re n t  b e  re v e rs e d  in  th e  arm ature?  Does th e  a rm a tu re  
r o ta t e  ev e ry tim e  th e  c u r r e n t  re v e rs e s ?  W ill th e  w ire s  g e t tw is te d  as 
th e  arm a tu re  r o ta t e s ?  The d ev ice  you have b u i l t  t h a t  r e v e rs e s  th e  c u r r e n t  
i s  c a l le d  a  ' c o m n u ta to r '. The w ire s  th a t  a re  a rce d  around th e  g la s s  
tu b in g  a re  known as 'b r u s h e s ' .
Model b u i l d in g ; The d ev ice  you have j u s t  b u i l t  c o n s is t in g  o f  a  p a i r  
of f i e l d  m agnets, an a rm a tu re , a com nutator and b ru sh es  i s  known as 
an 'e l e c t r i c  m o to r '.
O b se rv a tio n  ; You a re  now ready  to  t r y  o u t your e l e c t r i c  m otor. Connect 
th e  b ru sh es  to  a  d ry  c e l l .  You may have to  g iv e  i t  a s t a r t  and you may 
have to  make some c a r e f u l  a d ju stm en ts  on your m otor b e fo re  i t  w i l l  w ork. 
The com m utator b ru sh e s  and c o n ta c ts  m ust be c le a n .  You may a l s o  have to  
t i g h te n  o r  lo o se n  th e  c o n n ec tio n s  a l i t t l e .  A lso you may need to  a d ju s t  
th e  p o s i t io n  o f  th e  b ru s h e s .
E x p erim en ta tio n  ; You have now c o n s tru c te d  a sm all e l e c t r i c  m otor th a t  
w orks. I t  i s  n o t b ig  enough to  do any u s e fu l  work b u t i t  does i l l u s t r a t e  
th e  p r in c ip le  o f th e  e l e c t r i c  m oto r. Your m otor and some sm all m otors 
use perm anent m agnets to  g e n e ra te  th e  m agnetic  f i e l d .  Most l a r g e r  
m otors use e le c tro m a g n e ts  fo r  th e  f i e l d  m agnets. See i f  you can m odify 
your m otor to  use f i e l d  magnets t h a t  a re  e le c tro m a g n e ts .
(E xperim ent tim e)
E x p erim en ta tio n  ; E xperim ent w ith  a c o i l  o f w ire  in  a m agnetic  f i e l d .
Try to  g e n e ra te  e l e c t r i c  c u r r e n t .  You w i l l  need  a galvanom eter to  d e te c t  
th e  c u r r e n t . E xperim ent w ith  d i f f e r e n t  numbers o f tu rn s  in  th e  c o i l .  How 
does th e  number o f  tu rn s  a f f e c t  th e  amount o f  c u r re n t  produced?
(E xperim ent tim e)
Model b u i l d in g : A c o i l  o f  w ire  w i l l  produce c u r r e n t  depending on th e
number o f tu rn s  in  th e  c o i l .
E x p erim en ta tio n  ; You have been ex p erim en tin g  w ith  a sim ple  e l e c t r i c  
g e n e ra to r .  How can you apply  what you have j u s t  le a rn e d  to  g e n e ra te  
e l e c t r i c i t y  f o r  p r a c t i c a l  pu rposes?  You know th a t  you must have a 
w ire  moving back and f o r th  in  a m agnetic  f i e l d  to  g e n e ra te  e l e c t r i c i t y .  
To u n d ers tan d  how p r a c t i c a l  g e n e ra to rs  work do t h i s  ex p erim en t.
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P la c e  two b a r  magnets w ith  o p p o s ite  p o le s  about 5 cm. from each o th e r .  
Now ta k e  th e  c o i l  o f w ire  you have been u s in g  and p u t i t  betw een th e  
two m agnets. Experim ent to  f in d  a  way to  g e n e ra te  e l e c t r i c i t y  from your 
sy stem . What happens to  th e  c u r re n t  as you make a  f u l l  tu r n  o f  th e  
c o i l?
(E xperim ent tim e)
Model b u i ld in g ; The e l e c t r i c  c u r re n t  r e v e r s e s  as a f u l l  r o ta t io n  o f  th e  
c o i l  im ade. T h is ty p e  o f c u r re n t  i s  known as 'a l t e r n a t i n g  c u r r e n t ' .
I n t e r p r e t a t i o n  ; The e l e c t r i c  c u r re n t  you have u sed  u n t i l  now s u p p lie d  
by a  c e l l  i s  known as 'd i r e c t  c u r r e n t ' .  W rite  a  p arag rap h  showing th a t  
you u n d e rs ta n d  th e  d i f f e r e n c e  betw een a l t e r n a t in g  c u r re n t  and d i r e c t  
c u r r e n t .
(P a rag rap h )
I n t e r p r e t a t i o n  : You s t i l l  have th e  problem  in  your g e n e ra to r  o f g e t t in g
a l l  th e  w ire s  tw is te d  as  th e  c o i l  r o t a t e s .  D evise a system  th a t  w i l l  
so lv e  t h i s  problem . Make a draw ing o f your system . I s  t h i s  s im i la r  to  
your e l e c t r i c  motor?
(P arag rap h  & Drawing)
E x p e rim en ta tio n  ; Use yo u r e l e c t r i c  m otor to  produce e l e c t r i c i t y .  You 
w i l l  need  to  use perm anent magnets f o r  th e  f i e l d  m agnets. Does your 
g e n e ra to r  produce d i r e c t  o r  a l t e r n a t in g  c u r re n t?
(E xperim ent tim e)
O b se rv a tio n  ; You may have wondered how th e  m e te rs  you have been u s in g  
w ere a b le  to  measure c u r r e n t .  Look c a r e f u l ly  a t  how an ammeter i s  
c o n s tru c te d .  Do you f in d  any f i e l d  m agnets? Are th e se  e le c tro m a g n e ts  
o r  perm anent magnets? Do you f in d  a c o i l  o f w ire?  Where i s  i t  lo c a te d ?  
Do you f in d  a com m utator. I f  you do n o t can you g iv e  a  rea so n  why? How 
e l s e  i s  a  m eter d i f f e r e n t  from an e l e c t r i c  m otor? Make a draw ing showing 
th e  im p o rta n t p a r ts  o f th e  ammeter.
(O b se rv a tio n  & Drawing)
- 2 2 2 -
PHYSICAL SCIENCE * * * UNIT SIX * * * PAGE TWELVE
Model b u i l d in g : A m eter works on b a s i c a l l y  th e  same p r in c i p l e  as an
e l e c t r i c  m otor. I t  i s  d i f f e r e n t  in  t h a t  th e  a rm a tu re  i s  conn ec ted  to  
a  s p r in g  and i t  has no com m utator. The s p r in g  a c ts  to  p re v e n t th e  
arm a tu re  from r o t a t i n g .  You a lre a d y  know t h a t  th e  more c u r r e n t  th e re  
i s  in  th e  c o i l  th e  s t r o n g e r  th e  m a g n e tic  f i e l d  i t  p ro d u ces . The m e ter 
can be c a l ib r a te d  so t h a t  th e  s t r e n g th  o f  th e  m agnetic  f i e l d  p u l l in g  
a g a in s t  th e  s p r in g  can be  m easure.
I n t e r p r e t a t i o n  ; Most a n n e te r s  would b u m  o u t i f  a l l  th e  c u r r e n t  w ere 
a llo w ed  to  go th ro u g h  th e  c o i l .  Examine th e  d e s ig n  o f  th e  m e te r  a g a in . 
I s  th e r e  an o th e r  p a th  th e  c u r re n t  may ta k e ?  I s  i t  w ire d  in  s e r i e s  w ith  
th e  m e te r  o r  in  p a r a l l e l ?  W rite  a p a rag rap h  e x p la in in g  how you th in k  
th e  ammeter w orks.
(P arag raph )
Model b u i ld in g : Most of th e  c u r r e n t  t h a t  goes th ro u g h  th e  m e te r does
n o t go th ro u g h  th e  c o i l .  R ather th e r e  i s  a d e v ic e  known as a  's h u n t ' 
w ired  in  p a r a l l e l  w ith  th e  c o i l  t h a t  a llo w s th e  m ajor p a r t  o f  th e  c u r r e n t  
to  p ass  th ro u g h  w ith o u t go ing  th ro u g h  th e  c o i l .
APPENDIX C
SAMPLE LECTURES FOR FORMAL INSTRUCTION
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E l e c t r i c i t y  i s  a  form o f en e rg y . S t a t i c  e l e c t r i c i t y  o ccu rs  when sm a ll 
charged  p a r t i c l e s  c a l le d  e le c t r o n s  a re  caused  to  move onto  o r  o f f  o f 
an o b je c t  c a u s in g  an im balance o f  th e  rem ain in g  p o s i t iv e  c h a rg e s .
S t a t i c  e l e c t r i c i t y  i s  a ls o  a  form o f en e rg y . An o b je c t  can become 
e l e c t r i c a l l y  charged  by adding  o r  rem oving sm all charged  p a r t i c l e s  
c a l le d  e l e c t r o n s .  A ll n e u t r a l  atoms c o n ta in  th e  same number o f p o s i t iv e  
c h a rg e s , p ro to n s ,  and n e g a t iv e  c h a rg e s , e l e c t r o n s .  In  o rd in a ry  s t a t i c  
e l e c t r i c i t y  th e  p ro to n s  do n o t move. Only th e  e l e c t r o n s  a re  m o b ile . By 
add ing  e l e c t r o n s  to  n e u t r a l  atoms you w i l l  cause th e  o b je c t  to  a c q u ire  
a  n e g a t iv e  c h a rg e . S im i la r ly ,  by rem oving e l e c t r o n s  from n e u t r a l  
a tom s, you w i l l  cause th e  o b je c t  to  a c q u ire  a  p o s i t i v e  ch a rg e . L e t 's  
se e  how t h i s  w orks.
I  have a  ru b b e r  comb j u s t  l i k e  th e  ones you buy in  th e  d ru g s to re .  I  
a l s o  have some pap er which I  w i l l  t e a r  in to  sm a ll p ie c e s .  Now I  w i l l  
b r in g  th e  comb c lo se  to  th e  p a p e r  and you n o t ic e  t h a t  n o th in g  h appens. 
P ap er and ru b b e r do n o t n o rm ally  i n t e r a c t .  I  can how ever, do som ething 
to  th e  comb which changes i t .  I  w i l l  rub th e  comb w ith  a p ie c e  o f  wool 
f o r  a m inute o r  so . Now when I  b r in g  th e  comb n e x t to  th e  p ap er i t
p ic k s  up th e  p a p e r. Now th e  comb and p a p e r  a re  i n t e r a c t i n g ,  th e re  i s
an a t t r a c t i o n  betw een them.
I  can do th e  same th in g  w ith  a  g la s s  rod and p a p e r . G lass and p ap er do
n o t n o rm a lly  a t t r a c t ,  b u t i f  I  rub th e  g la s s  w ith  a  p ie c e  o f s i l k ,  I  can
p ic k  up th e  p ap er as b e fo re .
These a re  two exam ples o f s t a t i c  e l e c t r i c i t y .  O th e r exam ples o f s t a t i c  
e l e c t r i c i t y  a r e ;
1 .  Rubbing a  b a llo o n  on a s h i r t  to  make i t  s t i c k  to  a w a l l .
2 . L ig h tn in g .
3 . R u b b er-so led  shoes in  which someone has w alked over a  wool ru g .
4 . A wool co a t which has been rubbed a g a in s t  p l a s t i c  s e a t  c o v e rs .
5 .  A ny lo n  d re s s  which has  been  d r ie d  in  a  c lo th e s  d ry e r .
We have le a rn e d  th a t  s t a t i c  e l e c t r i c i t y  can be produced  when two o b je c ts  
a re  rubbed to g e th e r .  There a re  two ty p e s  o f  ch arg es  th a t  o b je c ts  may 
a c q u i r e ,  p o s i t i v e  and n e g a t iv e .
When two o b je c ts  th a t  have th e  same charg e  a re  b ro u g h t n e a r  each o th e r ,  
th e y  w i l l  r e p e l .  T h is  can be shown u s in g  two i d e n t i c a l  b a l lo o n s .  I  w i l l  
f i r s t  charge  each  b a llo o n  w ith  th e  same k in d  o f  charge by ru bb ing  each 
one w ith  a  wool c lo th .  Each b a llo o n  has a s i l k  s t r i n g  a t ta c h e d  to  i t .  
N o tic e  when I  b r in g  them c lo se  to  each  o th e r  th e y  s ta n d  ou t away from 
each  o th e r .
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I f  two o b je c ts  have d i f f e r e n t  charges th ey  w i l l  a t t r a c t  each o th e r .  I  
w i l l  f i r s t  charge a g la s s  rod  by rubb ing  i t  w ith  s i l k .  Doing th i s  causes 
e le c t ro n s  to  le a v e  th e  g la s s  and s t i c k  on th e  s i l k .  The g la s s  rod  now 
has a  p o s i t iv e  charge due to  i t s  d e f ic ia n c y  o f e l e c t r o n s .  I  w i l l  now 
suspend th e  charged  g la s s  rod  w ith  s i l k  th re a d  so t h a t  i t  i s  h o r iz o n ta l .
Next I  w i l l  charge a  ru b b e r  rod  by rubb ing  i t  w ith  w ool. Here th e
e le c t ro n s  move from th e  wool to  th e  ru b b er th u s  g iv in g  th e  ru b b er to d
a n e g a tiv e  charge due to  an ex ce ss  of e l e c t r o n s .  N o tic e  when I  b r in g  th e  
n e g a t iv e ly  charged  ru b b e r  rod n e a r  th e  p o s i t i v e ly  ch arg ed  g la s s  ro d , th a t  
th ey  a t t r a c t  each o th e r .
To rev iew ; I f  two o b je c ts  have th e  same c h a rg e , th e y  r e p e l  each o th e r .
I f  two o b je c ts  have a  d i f f e r e n t  c h a rg e , th e y  a t t r a c t  each  o th e r .
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M agnetism i s  a  form o f energy  a l s o .  I t  i s  s im i la r  to  e l e c t r i c  energy  in  
some ways and d i f f e r e n t  in  o th e r  w ays. Some o f  th e  p r o p e r t i e s  o f m agnetism  
and e l e c t r i c i t y  a re  i n t e r r e l a t e d  and w i l l  be s tu d ie d  in  th e  n e x t u n i t .
You a lre a d y  p ro b ab ly  know q u i te  a b i t  about m agnetism . You may have used
m agnets around your home o r  p lay ed  w ith  a to y  m agnet. You know t h a t  m agnets 
w i l l  a t t r a c t  c e r t a in  p ie c e s  o f metad. when th ey  a re  b ro u g h t c lo se  enough 
to g e th e r .
Background in fo rm a tio n :
The d isco v e ry  o f  m agnetism  seems to  have come abou t by a c c id e n t .  I t  i s  n o t 
r e a l l y  known e x a c t ly  how m agnetism  was d isc o v e re d . The a n c ie n t G reeks 
w ro te  about m agnets some 2 ,300  y e a rs  ago. I t  i s  a l s o  v ery  p ro b ab le  th a t  
th e  C hinese d isc o v e re d  m agnetism  about th a t  tim e a l s o .  The s to r y  i s  t o l d
t h a t  m agnetism  co u ld  have been  d isc o v e rd  l ik e  t h i s .  A long  tim e ago a
shepherd  t i e d  a p ie c e  o f  m e ta l to  th e  end o f h i s  s t a f f  so th a t  i t  would 
n o t w ear away as he walked a c ro ss  th e  h i l l s .  One day he n o tic e d  th a t  as
he p la ced  h is  s t a f f  n e a r  a g ra y ish  rock  he f e l t  a s tra n g e  p u l l  on th e
s t a f f .  O ther legends a re  a ls o  to ld  th a t  may o r may n o t be t r u e .  You m ight 
want to  look in  an en c y c lo p e d ia  to  f in d  out about some of them.
The o r ig in  o f th e  name ’m agnet’ i s  a ls o  u n c le a r . The legend  e x i s t s  th a t
th e  f i r s t  magnets w ere found in  an a re a  o f G reece known as M agnesia o r
M agnates. O ther r e p o r ts  say  th e  name o f  th e  f i r s t  man to  f in d  m agnetism  
was Magnes. Magnets were a ls o  c a l le d  ’ lo d e s to n e s ’ . The word ’ lo d e ’ 
i s  an o ld  E n g lish  word meaning ’’c o u rse ” .
Magnets w i l l  a t t r a c t  only  c e r t a in  ty p e s  o f m a te r ia l s .  A magnet w i l l  n o t 
a t t r a c t  an y th in g  th a t  i s  n o t m e ta l. Wood, p a p e r , g la s s  and p l a s t i c  a re  
some common exam ples of th in g s  magnets w i l l  n o t a t t r a c t .  Some m e ta ls  such 
as i r o n ,  n ic k e l  and c o b a lt w i l l  be a t t r a c t e d  by m agnets. O ther m e ta ls  
such  as aluminum and copper w i l l  n o t be a t t r a c t e d  by m agnets.
U sing a  b a r  magnet and some iro n  f i l i n g s  th e  a re a s  on a b a r  magnet t h a t  
a re  th e  s t r o n g e s t  can e a s i l y  be se e n . N otice th a t  m ost o f th e  f i l i n g s  
co n g reg a te  a t  each end w ith  v ery  few in  th e  m id d le . The a re a s  on th e  
m agnets where th e  f i l i n g s  c o l l e c t  a re  c a l le d  ’m agnetic  p o le s ’ .
A ho rseshoe magnet i s  s im i la r  to  a  b a r  magnet b u t i t  has been b e n t so 
th a t  th e  p o le s  a re  c lo se  to g e th e r .  Again i ro n  f i l i n g s  w i l l  co n g reg a te  a t  
th e  p o le s  where th e  magnet i s  th e  s t r o n g e s t .
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The p o le s  o f  a  magnet a re  named N orth  and Sou th . I f  a magnet i s  a llow ed  
to  f r e e ly  f in d  i t s  r e s t  p o s i t i o n ,  th e  N orth  p o le  w i l l  p o in t  tow ard  th e  
n o r th  p o le  o f  th e  e a r th  and th e  South p o le  w i l l  p o in t  tow ard  th e  so u th  
p o le  o f th e  e a r th .  More p r e c i s e ly  th e  name o f th e  N orth  p o le  o f  a magnet 
i s  th e  N o rth -se e k in g  p o le ,  and th e  South po le  i s  th e  S o u th -se e k in g  p o le .
As you would expec t a  h o rsesh o e  magnet h as  a  N orth  and South  p o le  a l s o .
M agnets do n o t always a t t r a c t  m e ta l o b je c ts .  They w i l l  a t t r a c t  a  p ie c e  o f 
i r o n  i f  th e  second p ie c e  has n o t been m agnetized . Two m agnets behave 
q u i t e  d i f f e r e n t l y  how ever. When th e  N o rth  p o le s  on two m agnets a re  
b ro u g h t n e a r  each o th e r  th ey  w i l l  r e p e l .  S im i la r ly ,  when th e  South  
p o le s  on two magnets a re  b ro u g h t n e a r  each  o th e r  th e y  w i l l  r e p e l .  I f  
a  N orth  p o le  o f  one magnet i s  p la c e d  in  th e  v i c i n i t y  o f  th e  South p o le  
o f  a  second m agnet, th e  two w i l l  a t t r a c t  each o th e r .  T h is  b e h a v io r  
i s  s im i la r  to  e l e c t r i c a l  ch a rg es  w here two l i k e  ch a rg e s  r e p e l  and two 
u n lik e  ch arg es  a t t r a c t .
A. compass i s  sim ply an in s tru m e n t t h a t  c o n ta in s  a  sm a ll m agnet suspended  
i n  th e  c e n te r  by a  sh a rp  p o in t  so t h a t  i t  i s  f r e e  to  r o t a t e .  The o u ts id e  
o f  th e  compass i s  made of non-m agne tic  m a te r ia l s ,  u s u a l ly  aluminum 
and g la s s  o r  p l a s t i c .  S ince  th e  compass i s  a sm a ll magnet i s  has a 
n o r th  and so u th  p o le . A compass i s  u sed  f o r  n a v ig a t io n  p u rp o se s . I t  
i s  n o t e x a c t ly  a c c u ra te  how ever. The compass w i l l  always p o in t  to  th e  
m agnetic  n o r th  and n o t th e  geo g rap h ic  n o r th .  The d i f f e r e n c e  between 
t r u e  n o r th  and m agnetic n o r th  i s  c a l le d  d e c l in a t io n .  S c i e n t i s t s  have 
m easured th e  d if f e r e n c e  betw een m agnetic  n o rth  and t r u e  n o r th  a t  a l l  
p o in ts  o f th e  g lo b e . From th e s e  d a ta  i t  i s  p o s s ib le  to  draw a map 
showing th e  d e c l in a t io n  a t  any sp o t on e a r th .  In  o rd e r  to  be u sed  f o r  
n a v ig a t io n  you must c o r r e c t  a  compass read in g  f o r  th e  d e c l in a t io n  in  
y o u r lo c a t io n .
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E l e c t r i c i t y  and m agnetism  a re  r e l a t e d  forms o f  en e rg y . You have found 
some o f th e  p r o p e r t i e s  o f e l e c t r i c i t y  and m agnetism  c o rre sp o n d . For 
exam ple l i k e  charges in  e l e c t r i c i t y  and l i k e  p o le s  in  m agnetism  r e p e l .  
S im ila r ly  u n lik e  charges in  e l e c t r i c i t y  and u n lik e  p o le s  in  m agnetism  
a t t r a c t .  T here a re  a l s o  some d i f f e r e n c e s  you have le a rn e d  about e l e c t r i c i t y  
and m agnetism . For exam ple i t  i s  p o s s ib le  to  have an o b je c t  e l e c t r i c a l l y  
charged  w ith  one ty p e  o f  e l e c t r i c i t y ,  b u t i t  i s  n o t  p o s s ib le  to  have a 
magnet w ith  on ly  one p o le .  You have a ls o  le a rn e d  th a t  a  magnet has  a  
f i e l d  around i t .  I t  tu rn s  ou t t h a t  an e l e c t r i c  c u r r e n t  a l s o  has  a f i e l d  
su rro u n d in g  i t .
For many y e a rs  s c i e n t i s t s  had t r i e d  to  p roduce m agnetism  from  e l e c t r i c  
c u r r e n t .  They had a ls o  t r i e d  to  p roduce e l e c t r i c  c u r re n ts  from  m agnetism  
b u t w ere u n ab le  to  do so . They had  been  u n ab le  t o  e s t a b l i s h  a r e la t io n s h ip  
betw een m agnetism  and e l e c t r i c i t y .  In  th e  e a r ly  1 8 0 0 's ,  no r e l a t io n s h ip  
had been d is c o v e re d . Then in  1819 , a  D anish s c i e n t i s t  named Hans 
C h r is t ia n  O ers ted  made a  rem arkab le  d is c o v e ry .
Hans O ersted  was te a c h in g  a c la s s  about e l e c t r i c i t y .  He was showing them 
some o f th e  th in g s  abou t w et c e l l s  t h a t  you have a lre a d y  le a r n e d .  Remember 
t h a t  up u n t i l  t h i s  tim e s c i e n t i s t s  th o u g h t t h a t  e l e c t r i c i t y  and m agnetism  
w ere n o t r e l a t e d .  O e rs te d  p la c e d  a  m agnetic  compass n e a r  a  w ire  to  prove 
h i s  p o in t .  He had done t h i s  many tim es b e fo re ,  b u t t h i s  tim e he n o tic e d  
th e  compass move when th e  c u r r e n t  was s t a r t e d .  When he tu rn e d  th e  c u r re n t  
o f f  th e  compass re tu rn e d  to  i t s  o r ig i n a l  p o s i t i o n .  He th e n  r e a l i z e d  th a t  
he had d isc o v e re d  th e  co n n ec tio n  betw een e l e c t r i c i t y  and m agnetism .
An e l e c t r i c  c u r re n t  flow ing  th ro u g h  a  w ire  w i l l  s e t  up a m ag n e tic  f i e l d  
around i t .  T h is  m agnetic  f i e l d  i s  d i f f e r e n t  from th e  f i e l d  around a  b a r  
magnet in  t h a t  i t  does n o t e x h ib i t  any p o le s ,  r a t h e r  i t  i s  c i r c u l a r .  I f  
you p la c e  a  compass a t  s t r a t e g i c  p la c e s  around th e  w ire  you w i l l  f in d  th a t  
th e  compass w i l l  p o in t n o r th  on one s id e  and p o in t  th e  o th e r  d i r e c t i o n  on 
th e  o th e r  s id e .  As you c o n tin u e  to  go around  th e  w ire  th e  compass w i l l  
tu r n  and make one r e v o lu t io n  f o r  e v e ry  one you make w ith  th e  com pass.
N o tic e  t h a t  t h i s  m agnetic  f i e l d  i s  p e rp e n d ic u la r  to  th e  flow  o f e l e c t r i c i t y .  
The reaso n  O e rs te d 's  f i r s t  ex p erim en ts  w ere u n s u c c e s s fu l i s  t h a t  p erhaps 
he had th e  compass i n  a  p o s i t io n  th a t  was n o t p e rp e n d ic u la r  to  th e  
c u r r e n t .
As you m ight expec t when th e  c u r r e n t  in  th e  w ire  i s  r e v e r s e d ,  th e  m agnetic  
f i e l d  w i l l  be th e  o p p o s i te .  You can use  a sim ple  p ro ced u re  to  d e term in e  
th e  m agnetic  f i e l d .  T h is  i s  c a l le d  th e  ' l e f t  hand r u l e ' .  I f  you p o in t  
your thumb o f your l e f t  hand in  th e  d i r e c t io n  o f th e  c u r r e n t  and curve 
your f in g e r s  around th e  w ire ,  th e y  w i l l  always p o in t  in  th e  d i r e c t i o n  of 
th e  n o r th  p o s i t io n  o f a com pass. Remember t h i s  f i e l d  i s  c i r c u l a r  so  i t  
w i l l  be o p p o s ite  on th e  o th e r  s id e  o f th e  w ire .
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I t  i s  p o s s ib le  to  m agnify th e  m agnetic  a f f e c t  o f  a w ire  by making i t  in to  
a  lo o p . I f  you app ly  th e  l e f t  hand r u le  to  d i f f e r e n t  p o s i t io n s  around th e  
loop  you can see  t h a t  th e  d i r e c t i o n  o f  th e  m agnetic  f i e l d  in s id e  th e  loop  
i s  alw ays th e  same. In  o th e r  w ords you can c o n c e n tra te  th e  m agnetic  
f i e l d  a long  a  s t r e t c h  o f  w ire  in  one p la c e  by lo o p in g  i t .  You can in c re a s e  
th e  m agnetic  f i e l d  even more by making s e v e ra l  lo o p s  to g e th e r .
An e le c tro m a g n e t i s  a c o i l  o f  many tu r n s  o f  w ire  u s u a l ly  wound around a 
p ie c e  o f i r o n  o r  s t e e l .  Because th e  c o i l  i s  wound around th e  le n g th  o f 
th e  m e ta l,  th e  m e ta l ta k e s  on th e  p r o p e r t i e s  o f a b a r  m agnet. The 
f i n a l  e f f e c t  i s  to  produce l i n e s  o f  fo rc e  th a t  come from one end o f  th e  
c o i l ,  t r a v e l  around th e  o u ts id e ,  and come back to  th e  o th e r  end j u s t  as 
a  b a r  m agnet.
T here  a re  many u se s  f o r  e le c tro m a g n e ts .  These u ses  depend upon th r e e  
c h a r a c t e r i s t i c s  o f  e le c tro m a n e ts  :
1 . E lec tro m ag n e ts  can be made ex tre m e ly  p o w erfu l.
2 . The m agnetism  o f an e le c tro m a g n e ts  can be tu rn e d  on and o f f .
3 . The d i r e c t io n  o f  m agnetism  can be re v e rs e d  in  an e le c tro m a g n e t.
A sim ple  p r a c t i c a l  d e v ic e  th a t  u se s  an e lec tro m ag n e t i s  a te le g r a p h .
A te le g ra p h  i s  made by c o n s tru c t in g  an e le c tro m a g n e t and th e n  p la c in g  
a c la p p e r  a t  one end o f th e  m agnet. When th e  c u r r e n t  i s  tu rn e d  on , th e  
magnet w i l l  a t t r a c t  th e  m e ta l c la p p e r  and make a  sound. The c u r re n t  can be 
c o n t ro l le d  by a  te le g ra p h  key (sw itc h )  to  make a s e r i e s  o f  sound in  
code.
A nother s im p le  p r a c t i c a l  d e v ic e  i s  an o rd in a ry  b u z z e r o r  b e l l .  The c la p p e r
i s  made to  v ib r a te  u s in g  an i n t e r n a l  sw itc h  o r  s e t  o f c o n ta c ts  th a t
b re a k  when th e  c la p p e r  i s  a t t r a c t e d  by th e  e le c tro m a g n e t. I t  th e n  r e tu r n s  
due to  a s p r in g  and r e e s ta b l i s h e s  c o n ta c t  and th e  cy c le  i s  r e p e a te d  a g a in .
APPENDIX D
ATTITUDE QUESTIONNAIRE
AND
SPECIFIC RESPONSES
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Answer th e  fo llo w in g  q u e s tio n s  as h o n e s tly  as you can . Do n o t d is c u s s  
th e  q u e s tio n s  w ith  a n o th e r  s tu d e n t .  Your re sp o n ses  to  th e s e  q u e s tio n s  
w i l l  in  no way a f f e c t  your grade in  t h i s  c o u rse .
1 -3 . How would you c l a s s i f y  th e  p rim ary  te a c h in g  p ro ced u res  u sed  in
t h i s  course?  (Check as many as a p p l ic a b le ,  b u t i f  you check more
th a n  on e , p le a se  rank  your s e le c t io n s  1 , 2 ,  3 , e t c .  in  o rd e r  from
most f r e q u e n t ly  used to  l e a s t  f r e q u e n t ly  u s e d ) .
L ec tu re
_Small group d is c u s s io n  
_Large group d is c u s s io n  
_L aboratory  group work 
_ L ec tu re -d em o n stra tio n
T eacher d em o n stra tio n  w ith o u t e x te n s iv e  le c tu r e  
M a te r ia ls  (a p p a ra tu s )  c e n te re d  te a c h in g  
_Working a lone  in  th e  la b o ra to ry  
^ In s t ru c to r  w orking sample problem s
_ I n s t ru c to r  w orking w ith  in d iv id u a ls  and sm all groups 
I n s t r u c to r  t e l l i n g  th e  s tu d e n ts  w hat c o n te n t th ey  sh o u ld  l e a m  
I n s t r u c to r  a s s i s t i n g  th e  s tu d e n ts  in  le a rn in g  th e  c o n te n t
4 . Which of th e  fo llo w in g  d e sc r ib e s  th e  g e n e ra l f e e l in g  you have about 
how t h i s  co u rse  has been conducted? (Most p ro b ab ly  th e r e  w i l l  be 
e x c e p tio n s  to  w hichever response you s e l e c t ,  b u t s e le c t  th e  one which 
d e s c r ib e s  your o v e ra l l  f e e l in g . )  E n c irc le  you r c h o ice .
(a ) I  f e l t  I  was b e in g  to ld  what c o n te n t m a te r ia l  to  know.
(b) I  f e l t  I  was b e in g  le d  to  f in d  ou t abou t th e  c o n te n t m a te r ia l .
5 . E v a lu a te  your own f e e l in g s  about th e  te a c h in g  p ro ced u res  used in  t h i s  
c o u rse . Check as many o f th e se  as a re  a p p l ic a b le  to  you.
 I  l ik e d  them.
 I  d id  n o t l i k e  them.
 I  l ik e d  them , b u t f e l t  in s e c u re  fo r  a few weeks.
I  d id  n o t l i k e  them , because I  f e l t  in s e c u re .
 I  l ik e d  them , b u t f e l t  in s e c u re  fo r  th e  e n t i r e  s e m e s te r .
 I  l ik e d  be in g  to ld  what to  do.
 I  l i k e d  f in d in g  ou t id e as  fo r  m y se lf .
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6 . W rite  a  few l in e s  w hich d e s c r ib e  y o u r f e e l in g s  about th e  p h y s ic a l  
s c ie n c e  co u rse  you j u s t  com pleted .
7. How much d id  your i n s t r u c t o r  add o r  d e t r a c t  to  your f e e l in g s  abou t 
th e  course?
8 . What changes w ould you l i k e  to  have been made th a t  you th in k  w ould 
improve th e  cou rse?
9 . P le a se  com plete one o f th e  fo llo w in g  s ta te m e n ts  as c o n c is e ly  as 
p o s s ib le .
(a ) I  p r e f e r  a  s ta n d a rd  l e c tu r e  c o u rse  b ecau se__________________
(b) I  p r e f e r  a cou rse  b a sed  on la b o ra to ry  e x p e rie n c e  because
10. Compare t h i s  co u rse  in  p h y s ic a l  s c ie n c e  to  o th e r  s c ie n c e  c o u rse s
you have ta k e n . ( C ir c le  one)
(a )  I  le a rn e d  v e ry  much l e s s  c o n te n t m a te r ia l  th a n  in  my o th e r  
s c ie n c e  c o u rs e s .
(b) I  le a rn e d  l e s s  c o n te n t m a te r ia l  th an  in  my o th e r  s c ie n c e  c o u rse s .
(c ) I  le a rn e d  abou t th e  same amount o f c o n te n t m a te r ia l  as in  my
o th e r  s c ie n c e  c o u rs e s .
(d) I  le a rn e d  more c o n te n t m a te r ia l  th a n  in  my o th e r  s c ie n c e  c o u rse s .
(e ) I  le a rn e d  v e ry  much more c o n te n t m a te r ia l  th a n  in  my o th e r
s c ie n c e  c o u rs e s .
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11. Compare t h i s  cou rse  in  p h y s ic a l  s c ie n c e  to  o th e r  n o n -sc ie n c e
co u rse s  you have ta k e n . ( C ir c le  o n e ) .
(a ) I  le a rn e d  v e ry  much le s s  c o n te n t m a te r ia l  th an  in  my o th e r  
n o n -sc ie n c e  c o u rse s .
(b) I  le a rn e d  l e s s  co n ten t m a te r ia l  th a n  in  my o th e r  n o n -sc ie n c e  
c o u rs e s .
(c ) I  le a rn e d  about th e  same amount o f  c o n te n t m a te r ia l  as in  my 
o th e r  n o n -sc ie n c e  c o u rse s .
(d) I  le a rn e d  more c o n te n t m a te r ia l  th a n  in  my o th e r  n o n -sc ie n c e  
c o u rs e s .
(e ) I  le a rn e d  v e ry  much more c o n te n t m a te r ia l  th an  in  my o th e r  
n o n -sc ie n c e  c o u rse s .
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S p e c if ic  re sp o n ses  f o r  ite m  s ix  o f th e  a t t i t u d e  q u e s t io n n a ir e .
C oncrete  I n s t r u c t io n  Group
S cience i s  h a rd  to- u n d e rs ta n d -
I t  was OK b u t h a rd  b ecau se  sc ie n c e  i s  h a rd  to  u n d e rs ta n d  a t  l e a s t  
f o r  me.
I  d id n 't  l i k e  th e  s t u f f  we ta lk e d  ab o u t. I  w ant to  do experim en t 
w ith  ch em ica ls  and have you as a  te a c h e r ,  n o t (name o f a n o th e r  
n in th  g rade s c ie n c e  te a c h e r  in  th e  s c h o o l sy s te m ).
I t  was v e ry  i n t e r e s t i n g  & e n jo y a b le  b u t s t i l l  i t  ta u g h t me a  l o t .
I  l i k e d  th e  te a c h e r  and I  l ik e d  th e  c o u rse . I  j u s t  w ished  I  had 
th e  same on 2nd s e m e s te r .
I t s  OK.
I  th in k  th a t  everyone sh o u ld  ta k e  a cou rse  l i k e  t h i s  so  th e y  w i l l  
le a rn  how g e r a to r s  work.
I  l ik e d  to  do m ost o f  th e  ex p erim en ts  and f in d in g  ou t about t h i n g s .
I t  was OK b u t I  h a te  s c ie n c e .
I t  was fun  sometime and sometime I  d id  n o t l i k e  i t .
I  d o n 't  c a re  t h a t  much f o r  s c ie n c e  b u t i f  i t  i s  e x p la in e d  i t  i s  okay.
I t  was easy  i f  you d id  y o u r work and l i s t e n .
I  l ik e d  t h i s  c o u rs e ,  b u t som etim es I  d i d n ' t  u n d e rs ta n d  th e  ex p erim en ts . 
I  l ik e d  i t  when you d id  th e  experim en t and to ld  u s  what to  w r i te  
down. I  le a r n  b e t t e r  th a t  way.
I t  was OK ex cep t I  d id  n o t l i k e  a t  a l l  th e  s h e e ts  we d id  every  day.
I t  was fun done th e  ex p erim en ts  th e  way we w anted to .
I  l ik e d  i t  a lo t  do ing  t h i s .
I  u n d ers to o d  i t  b e t t e r  th a n  I  have e v e r  u n d e rs to o d  s c ie n c e  b e fo re .
I  w ish  th e r e  w ere more te a c h e r s  l i k e  you.
I  l ik e d  i t  b ecau se  i t  was fun and i n t e r e s t e d  in  i t .
I  d o n 't  r e a l l y  have any f e e l in g s  about i t .  I  n e i th e r  l i k e  o r 
d i s l i k e  them .
Some o f i t  was fun  and some w a s n 't .  So(me) o f  th e  tim e i t  was 
b o r in g  and some o f th e  tim e i t  w a s n 't .
I  l ik e d  i t  b u t once in  a w h ile  I  f e l t  l o s t  b u t  I  know i t ' s  my own
f a u l t  f o r  n o t pay ing  a t t e n t i o n .
I t  was a l o t  o f  fu n . But I  d o n 't  c a re  t h a t  much about w orking w ith  
e l e c t r i c i t y .
I t  has been  th e  b e s t  s c ie n c e  c la s s  I  have h ad  s in c e  I 'v e  been to  
N oble.
Some ways I  l i k e ,  i t  was fu n , b u t some o f  th e  s tu d e n ts  d i d n 't  know 
s e l f  d i s c i p l i n e .
W ell I  l i k e  i t .  I t  seemed l i k e  I  le a rn e d  a  l o t .  I t  was k in d ly  
fu n .
Formal I n s t r u c t io n  Group
I t  was r e a l l y  n ic e  p a r t  o f  th e  tim e . I t  g o t h a rd  b u t you h e lp ed  a l o t .  
I  d i d n 't  seem to  r e a l l y  c a re  about i t .  L ike  I  w a s n 't  i n t e r e s t e d .
I t  was b o rin g  and I  u s u a lly  l ik e d  i t .
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I  f e l t  I  d i d n 't  need  th e  co u rse  b u t I  en jo y ed  p a r t s  o f i t  anyway.
I t  w a s n 't  very  i n t e r e s t i n g  m o stly  b ecau se  everyone went r u le  and th ey  
made me very  nervous and i r r a t e d .
I t  was OK b u t I  n e v e r  r e a l l y  u n d e rs ta n d  s c ie n c e .
I  d i d n 't  u n d ers tan d  i t  t h a t  w e ll  a t  f i r s t .
I  l ik e d  i t  & th e  te a c h e r  b u t c la ssm a te s  h in d e re d  some p eo p le  who 
w anted to  le  a m  from do ing  so .
I  d o n 't  l i k e  i t .
I  h a te  i t .
I  th in k  i t  cou ld  have been b e t t e r  w ith  more la b  work.
I  d id n 't  l i k e  i t  because  i t  was b o r in g .
I t  was a  fun  c l a s s .
I  d o n 't  l i k e  p h y s ic a l  s c ie n c e  a t  a l l ,  b u t th e  k id s  & th e  te a c h e r  
a re  a l l r i g h t .
I t  was okay and, most o f  th e  tim e b u t some w ere b o r in g . Your a 
g re a t  te a c h e r  i t s  j u s t  t h a t  some o f us d o n 't  l i s t e n .
I  th in k  I  j u s t  d i d n ' t  u n d e rs ta n d  i t  v e ry  much b u t I  le a rn e d  q u i te  
a l o t .
I  l ik e d  i t ,  and I  w ish  I  had  more o f  i t  to  do.
I  l ik e d  i t  because  i t  w a s n 't  s t r i c k l y  by th e  book.
I  d id n 't  l i k e  i t  cause i t  w a s n 't  i n t e r e s t i n g  and i t  was h a rd  to  
u n d e rs tan d .
I t  ta u g h t me a  few th in g s  I  d id n 't  know & i t  i n t e r e s t e d  me because  
I  l i k e  e l e c t r o n i c s .
I t  s(h)ow ed me a lo u t o f new s t u f f .
I  f e e l  th e  te a c h e r  d i d n 't  te a c h  us w hat we would have l ik e d  to  h e a r .
I t  was in t e r e s t i n g  and th e  th in g s  we le a rn e d  w ere w e ll ex p laned .
S p e c if ic  resp o n ses  f o r  item  seven  o f th e  a t t i t u d e  q u e s t io n n a ir e :
C oncrete I n s t r u c t io n  Group
He was a b ig  e n f lu e n c e .
He he lped  a  l o t .
He made i t  i n t e r e s t i n g ,  made me want to  f in d  o u t what i t  was a l l  about, 
He added a l o t  because  he always t r i e d  to  h e lp  me so lv e  my problem s 
in  c l a s s .
None ( fo u r  re sp o n ses)
He added a l o t  becau se  he h e lp e d  u s .
A l i t t l e  because  th e  way you would h e lp  in d iv id u a l ly .
I  l i k e  th e  i n s t r u c to r  a l o t ,  b u t you need  to  e x p la in  in  words e a s i e r
to  u n d e rs ta n d .
He a c te d  l i k e  he r e a l l y  c a re d .
He added a l o t  by b e in g  th e  te a c h e r  he i s .  He was comb and e x p la in e d .
He made me l e a m  t h i n g s .
No change.
I  l ik e d  i t  b e t t e r  th an  l a s t  y e a r .
He made i t  b i t t e r .
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He r e a l ly  made me want to  f in d  th in g s  o u t m ore. He made i t  more 
e n jo y a b le .
You g e t in v o lv e d , you ca red  about which w anted to  make us work.
I f  I  d i d n 't  u n d e rs ta n d  i t  he would e x p la in  i t  to  me.
W ell I  l i k e  i t  more now.
Formal I n s t r u c t io n  Group
He added to  my f e e l in g  because  l a s t  y e a r  I  made a  C and t h i s  y e a r  
an A.
N oth ing .
He h e lped  me a lo u t w ith  i t .
You had your good p o in ts  and you bad p o in t s  on a  s c a le  from 1-10 
I ' d  g ive  you an 8.
Added
You made i t  more e x c i t in g .
He added a  l o t ,  and I  th in k  I  cou ld  work b e t t e r  i f  I  had him
te a c h in g  me a l l  o f  th e  tim e .
I  th in k  you u sed  words o u t o f my re a c h .
He added b ecause  he h e lp e d  us f in d  ou t an sw ers .
Q u ite  a  b i t .
A l o t
He d id n 't
Not vyry much
As much as he sh o u ld .
He h e lped  us l i k e  any o th e r  te a c h e r  & a whole l o t  more. I  l ik e d  i t .  
He try e d  to  h e lp  me u n d e rs tan d  about w hat we a re  d o ing .
He made some o f i t  e n t e r s t i n g .  L ike  th e  one abou t th e  c o lo rs .
My f e e l in g s  have n e i th e r  in c re a s e d  o r  d ec re a se d  j u s t  remand th e  same. 
He d e c t r a c te d  i t  q u i te  a  b i t .
The te a c h e r  r e a l l y  t r y s  h a rd  b u t some p eop le  j u s t  made i t  h a rd e r  to  
vm derstnad .
S p e c if ic  re sp o n ses  f o r  item  e ig h t  o f th e  a t t i t u d e  q u e s t io n n a ir e :
C oncrete I n s t r u c t io n  G roup;
More d em o n stra tio n  and e x p la in in g .
Do ex p erim en ts  w ith  ch em ica ls .
None (4 re sp o n ses)
I  c a n 't  r e a l l y  th in k  o f any. (2 resp o n ses)
Not to  do any work.
No changes.
S t r i c t e r  te a c h e r .
No papers  to  f i l l  o u t.
I f  th e re  w ere more more words th a t  w ere e x p la in e d  a  l i t t l e  b e t t e r .  
No so many pap ers  in  one day. (2 re sp o n ses)
I  d o n 't  know.
He would n o t answer my q u e s tio n s  f u l l y .
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More ex p e rim e n ts .
More ex p erim en ts  on d i f f e r e n t  s u b je c t s .
M yse lf, I  need  a  l i t t l e  more p e rso n a l a t t e n t i o n ,  b u t I  r e a l l y  d id n ’t  
a sk .
To have done ch em is try  e x p e r im e n ts .
To have i t  f o r  two s e m e s te rs .
A l e s s  ro u ty  c l a s s .
Formal I n s t r u c t io n  G roup;
Slow down.
More lab  work and group d is c u s s io n ,  a ls o  th e  te a c h e r  h e lp  e x p la in .
Change th e  co u rse  from ’ r o u t i n e ’ to  som ething e l s e .
No le c tu r e s  o r  n o t very  many. I  m yself c a n ’ t  l e a m  by w r i t in g  n o te s  
a s  f a s t  as I  can and th e n  t r y  to  read  w hat I  w r i t e .
L e t us do some o f th e  e x p e r im e n ts .
T hat everybody w o u ld n 't  t a l k  a l l  th e  tim e .
A ssigned  s e a t s ,  because  th e  c la s s  was s e g ra g a te d .
Him ex p lan  th in g s  to  u s .
D if f e r e n t  c o u rse .
T e l l in g  why you answ ers on th e  t e s t  cou ld  be l e f t  o u t .
Cut th e  N otes ! ! !
Experim ents fo r  u s .
Not so  many work s h e e ts .
T hat th e  people in  th e  back  would keep t h e i r  mouths c lo se d  and sh u t 
up once in  w h ile .
Not ta k e  so many n o te s  n o r  d em o n stra tio n .
None, i t ’s f in e  l i k e  i t  i s ,  and I  th in k  i f  i t  i s  changed i t  would be 
w orse th a n  i t  i s  now.
No n o te s  and l e t  th e  k id s  be ab le  to  do some experm ent.
D rink  cokes in  c l a s s .
Not j u s t  doing th e  same th in g  every  day.
To l e t  th e  k id s  do th e  experm ents and maybe th e (y )  would l e a m  som eth ing , 
in s te d  o f ta k in g  3 p g s . o f n o te s  every  day.
More in fo rm a tio n  to  s tu d y  o f f  o f such as s tu d y  s h e e ts .
S p e c if ic  responses  f o r  item  n in e  o f  th e  a t t i t u d e  q u e s t io n n a ir e :
C oncrete  I n s t r u c t io n  Group
I  p r e f e r  a s ta n d a rd  le c tu r e  co u rse  because  : 
l e c tu r e  makes i t  e a s i e r  to  u n d e rs tan d , 
a  l e c tu r e  ex p lan es  i t  b i t t e r ,  
th ey  h e lp  you more.
you can ta k e  n o te s  on th in g s  you don’ t  know and n o t w r ig h t down th e  
th in g s  you d o .
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I  p r e f e r  a  co u rse  b ased  on la b o ra to ry  e x p e r ie n c e  b eca u se : 
i t  i s  more fun to  do and to  d is c o v e r  new th in g s ,  
i t ' s  more in t e r e s t i n g  and I  th in k  you g e t  more ou t o f  i t .  
i t  g e ts  peop le  more i n t e r e s t e d  in  th e  w ork, and maked them want to  
f ig u re  i t  a l l  o u t. 
you do them y o u r s e l f .  And I  f e e l  you l e a m  more by doing  them and do 
la b .  work y o u r s e l f .  H elps you a l o t .
I  f e e l  th e r e  i s  more to  do and l e a m .
you le a m  more from i t  because  y o u r 'e  d o in g  i t .
I  l i k e  ex p erim en ts  & te a c h e r s  te a n d  to  g r ip e  on l e c tu r e s ,  
i t  te a c h e s  me more about s c ie n c e .
i t  i s  e a s ie r  to  rem ber w hat you d id ,  you seen  i t  f o r  y o u r s e l f ,  you 
can t a l k  w h ile  your a re  doing you r e x p e rim e n t, 
you see  th e  experim en ts  and j u s t  n o t  l i s t e n  to  them .
I  l e a m  b e t t e r  by e x p e r ie n c e , b u t I  w a s n 't  su re  what you w anted me 
to  l e a m .
th e y  a re  a  l o t  more in t e r e s t i n g  and th e y  a re  fun and g iv e  you som ething 
to  do.
i t  i s  more in t e r e s t i n g  to  me and m ost p eo p le  th a t  c a n 't  u n d e rs ta n d  
l e c t u r e .
i t  b e t t e r  to  f in d  out by your s e l f  th a n  to  l e t  someone te a c h  you. 
you can le a m  more fo r  y o u r s e lf  w ith  la b o ra to r y ,  
you can le a m  more when you do i t  y o u r s e l f .
i t s  a l o t  more fun to  work th in g s  ou t w ith  you f r ie n d s  and f in d
th in g s  o u t fo r  y o u r s e l f .  You g e t b o re d  l i s t e n i n g  to  peo p le  t a l e
on and on.
you can e x p e rie n c e  what you a re  do ing  and l e a m  a l o t  more, 
i t  i s  more fu n . Not so b o r in g .
I  d o n 't  l i k e  to  l i s t e n  to  a lo t  o f t a l ik n g  th a t  I  a lre a d y  know abou t.
Formal I n s t r u c t io n  Group
I  p r e f e r  a s ta n d a rd  le c tu r e  course  b e c a u se :
you can u n d e rs tan d  i t  and r e f e r  back  and look  a t  d ia g ra m s.
I 'm  n o t very  good in  la b ro to r y  becau se  I  d o n 't  u n d e rs ta n d  i t  ve ry  w e ll 
and I  w i l l  p ro b ab ly  f a i l  in  i t .  I t ' s  fun  ( l e c t u r e ) .
I  l i k e  to  have a  le c tu r e  course  and do a l o t  o f  s t u f f .  I  th in k  i t ' s
fun .
I  can le a m  b e t e r  when to ld  to  me.
I  p r e f e r  a  cou rse  b ased  on la b o ra to ry  e x p e rie n c e  b eca u se ;
you le a m  and a m ' t  to l d .
you g e t to  do experam ents and you l e a m  more when you do ex p erim en ts , 
you can l e a m  and a lso  u n d e rs tan d  and se e  what you a re  le a rn in g .
I  th in k  i t  h e lp s  th e  k id s  f in d  ou t more.
I  l i k e  to  do th in g s  on my own.
I  l i k e  to  do ex p erim en ts  my s e l f .
i t s  fun and you always l e a m  from e x p e r in c e .
when I  see  what re a ly  i s  going on I  rem ber i t  m ore, and en jo y  i t .  
p eop le  seem to  remember more about som ething i f  t h e r e 's  la b o ra to ry  
e x p e r ie n c e .
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you can l e a m  more w ith  doing  i t  y o u r s e l f ,  
you l e a m  more & remember i t  i f  you see  i t  y o u r s e l f ,  
you work w ith  o th e r  peo p le  and l e a m  about them as you l e a m  about 
th e  e x p e rim e n ts ,
I  l i k e  to  do some k in d s  o f  la b o ra to r y .  I  h a te  l e c t u r e s ,  
i t  would be fu n n e r .
i t  h e lp s  to  know a l l  th e  f a c t s  and be a b le  to  prove f o r  y o u r s e l f
th a t  i t  works o r  i t  d o e s n 't  work o r  t h a t  a th e o ry  i s  r i g h t  o r  w ring , 
you g e t to  do som ething d i f f e r e n t  ev e ry  day.
we can know th e  tm e  f a c t a  dna u n d e rs ta n d  them b e t t e r .  We w o u ld n 't  be 
so  b o re d .
you can r e a l l y  see  i t  happen ing  in s te a d  of j u s t  t a lk in g  abou t i t .
The fo llo w in g  comments a re  u n s o l i c i t e d  re sp o n ses  made by s tu d e n ts  in  th e  
fo rm al i n s t r u c t io n  group on th e  back o f th e  a t t i t u d e  q u e s t io n n a i r e .
I  le a m  w hat I  f e e l  l i k e  l e a r n in g .  I  d o n 't  l i k e  sc h o o l to o  much, much 
l e s s  s c ie n c e .  T h is  y e a rs  s c ie n c e  was much d i f f e r e n t  th a n  l a s t  
y e a rs  becau se  i t  w a s n 't  b o r in g . S ince  we have to  have two y e a rs  
o f  s c ie n c e  I  hope I  have you n e x t y e a r  because  I  l ik e d  hav in g  you 
f o r  a  te a c h e r .  I  l i k e  th e  way you g ra d e .
I  n e i th e r  l i k e d ,  d i s l i k e d  o r  f e l t  in s e c u re  about t h i s  c l a s s .  I t  j u s t  
was very  h a rd  f o r  me to  l e a m  th rough  le c tu r e  s t y l e  te a c h in g  
because you t a lk  in  c i r c l e s  and I  d o n 't  u n d e rs ta n d  your le c tu r e s  
and t r y in g  to  g e t a l l  th e  n o te s  i s  very  d i f f i c u l t  f o r  me because  
I  d o n 't  l e a m  a n y th in g . I  l i k e  to  experim ent and t r y .
I  d o n 't  th in k  th e re  i s  a s c ie n c e  te a c h e r  a t  Noble t h a t  c a re s  what th ey  
te a c h .  They te a c h  to  see  how much th e y  can te a c h  b u t n o t how much 
th e  k id s  l e a m .  I f  a  te a c h e r  d o e s n 't  te ach  th e  k id s  an y th in g  th ey  
h a v e n 't  ta u g h t .
Mr. S c h n e id e r, I  th in k  you a re  th e  b e s t  te a c h e r  th e r e  i s ,  and I  w ish 
you would s ta y  f o r  th e  n e x t s e m e s te r . I  w o u ld n 't  mind hav in g  you 
f o r  a  te a c h e r  a l l  o f  th e  tim e . S tay  th e  way you a r e .  F rien d s  
a lw ays, me.
Mr. S c h n e id e r , you a re  p ro b ab ly  one o f  th e  b e s t  s c ie n c e  te a c h e r s  th a t  
I 'v e  h av e . I  hope I  can have you in  th e  fu tu r e  to  come. I  w ish 
you w e re n 't  le a v in g  cause  y o u 'r e  a  co o l p e rso n . Have fun  w herever 
you go.
Mr. S c h n e id e r, you w ere a  g r e a t  te a c h e r  and r e a l ly  f a r - o u t .  I  hope 
I  can have you a g a in  some y e a r .  I t  was fun in  h e r e .  Make su re  I  
d o n 't  g e t in  a c la s s  w ith  a l o t  o f b ig  mouths l i k e  (names o f  two 
g i r l s ) .
APPENDIX E
CONTENT EXAMINATION RELIABILITY
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TABLE E-1
RAW DATA FOR RELIABILITY OF CONTENT EXAMINATIONS 
MULTIPLE CHOICE
S tu d en t S. E. C. E. L & 0 Sound Mag. E. M.
Number Odd Even Odd Even Odd Even Odd Even Odd Even Odd Ev(
1 13 10 20 30 20 15 10 13 10 30 0 10
2 10 30 20 30 20 30 20 8 20 20 20 20
3 43 13 30 10 20 20 20 13 20 25 13 40
4 0 20 35 20 0 20 20 23 10 20 5 20
5 10 15 30 25 10 10 10 20 15 30 30 0
6 18 10 20 0 20 10 0 20 20 10 25 0
7 6 25 25 20 20 20 10 15 20 0 0 20
8 18 10 25 25 10 10 20 10 20 20 0 10
9 23 25 30 30 30 30 40 20 5 20 20 20
10 * * 25 30 10 30 20 13 20 20 15 20
11 15 20 30 15 30 0 15 23 30 15 11 20
12 23 20 30 30 10 5 20 10 10 30 10 0
13 0 10 20 30 20 30 25 23 0 20 20 10
14 18 33 30 20 30 40 20 20 30 30 16 30
15 3 30 17 40 35 25 15 3 20 10 30 10
16 28 0 30 20 10 10 10 13 10 15 0 10
17 20 20 20 40 30 10 30 10 25 10 10 25
18 21 35 30 15 10 5 20 13 20 10 * *
19 * * 40 30 30 20 20 20 20 15 18 15
20 30 5 30 20 0 5 15 5 0 10 10 10
21 23 25 25 35 20 20 10 21 20 20 13 20
22 0 0 25 30 10 25 25 20 10 15 30 15
23 10 5 0 7 10 20 10 10 0 0 35 10
24 * * * * 10 25 20 10 10 30 30 20
25 15 28 30 10 0 0 20 10 10 20 30 10
26 10 23 * * 0 0 40 20 0 10 * *
27 * * 0 17 10 30 10 10 10 10 0 0
28 40 20 5 15 0 0 20 13 10 20 20 0
29 31 28 10 0 30 5 10 23 10 25 20 10
30 10 20 10 20 20 5 15 3 30 20 10 0
31 13 10 0 0 0 0 20 10 0 30 10 5
32 16 30 30 25 25 15 18 15 20 10 30 20
33 33 10 30 0 20 5 5 23 10 20 10 0
34 3 5 0 0 0 0 0 20 0 0 0 0
35 37 18 0 10 10 0 30 20 0 10 0 0
36 18 10 0 0 0 5 5 0 10 20 0 0
37 20 20 0 10 35 20 15 20 10 20 20 30
38 10 10 15 0 10 10 10 3 15 10 10 5
39 20 20 0 0 20 10 0 23 0 10 0 0
40 18 20 30 0 10 0 10 20 10 10 40 10
41 23 15 5 5 0 10 25 3 15 10 25 0
42 25 23 17 0 10 10 25 15 10 25 10 20
43 23 0 5 17 13 20 30 13 0 0 10 10
44 8 23 22 0 15 15 15 20 20 25 0 5
45 40 20 20 8 20 15 30 20 30 30 20 5
46 35 25 5 10 10 25 30 23 10 10 20 0
47 10 18 0 10 10 15 20 20 0 10 0 0
48 * * * * 0 0 0 0 0 0 10 10
* In d ic a te s  th a t  th e  s tu d e n t was ab sen t on th e  day o f th e  exam in a tio n . 
S tu d en ts  No. 1-23 e x p e rien ced  c o n c re te  i n s t r u c t io n .
S tu d en ts  No. 24-48 ex p erien ced  form al in s t r u c t io n .
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TABLE E-2
RAM DATA FOR RELIABILITY OF CONTENT EXAMINATIONS 
FREE RESPONSE
S tu d en t S. E. C. E. L & 0 Sound Mag. E. M.
Number Odd Even Odd Even Odd Even Odd Even Odd Even Odd Eve
1 20 22 32 9 26 10 25 25 25 3 24 0
2 30 2 15 15 21 8 22 15 35 28 10 0
3 40 28 12 17 10 10 4 12 33 26 37 10
4 35 5 22 15 17 0 19 20 17 3 15 10
5 30 8 12 19 28 0 0 14 25 8 10 5
6 15 17 17 14 24 0 10 15 33 25 40 0
7 40 30 22 7 19 0 25 25 15 19 19 10
8 40 13 20 17 17 10 0 4 22 22 * A
9 35 19 32 25 33 25 27 27 30 28 34 5
10 30 21 22 14 27 8 20 23 33 20 14 10
11 30 20 15 12 14 19 25 25 38 23 30 27
12 30 12 11 24 22 10 30 12 20 13 20 0
13 50 14 32 15 26 5 15 21 27 8 14 5
14 60 28 33 14 25 25 24 25 40 16 24 15
15 50 19 22 10 25 8 25 20 15 15 10 5
16 20 17 17 9 13 0 19 19 20 20 7 0
17 50 15 12 27 27 30 20 20 21 21 14 5
18 50 33 15 15 31 6 0 22 25 20 17 10
19 0 21 29 20 14 5 10 17 33 20 32 0
20 40 11 18 10 17 5 15 7 10 15 14 0
21 30 14 * * 30 0 20 17 40 28 29 0
22 0 8 22 4 20 5 20 10 25 8 20 30
23 25 8 0 0 9 0 0 0 10 8 14 0
24 35 28 * * 13 26 30 20 28 30 20 0
25 40 16 12 12 15 5 20 17 28 13 17 0
26 0 24 * * 10 15 0 10 35 15 A A
27 0 1 12 6 8 10 0 0 32 7 10 0
28 40 26 14 23 10 15 10 0 35 23 10 0
29 20 6 5 9 16 9 20 20 15 18 15 0
30 45 33 15 9 16 10 5 4 25 40 4 0
31 60 25 27 20 18 14 10 14 20 18 25 0
32 50 26 35 20 14 20 0 0 23 20 20 5
33 50 13 10 12 12 18 0 0 10 20 9 0
34 0 20 19 13 0 0 10 17 8 10 0 0
35 30 15 18 12 9 7 15 12 13 20 17 0
36 30 18 7 0 6 0 5 4 25 15 0 0
37 35 12 0 17 22 9 18 16 20 20 7 10
38 25 21 0 0 13 5 10 17 0 13 10 0
39 25 23 10 4 13 10 3 7 20 15 4 10
40 30 14 5 12 24 5 15 20 20 20 27 0
41 45 26 0 5 7 0 17 25 20 9 0 0
42 60 38 14 12 10 25 0 0 30 25 17 10
43 20 20 7 4 13 14 10 10 0 0 9 0
44 30 30 10 10 18 10 10 27 35 25 17 0
45 35 28 25 18 23 20 15 22 30 17 15 20
46 15 24 4 9 13 22 20 10 20 13 8 0
47 25 14 4 4 5 10 15 12 0 15 17 0
48 5 4 * * 0 0 0 0 8 10 15 0
* In d ic a te s  th a t  th e  s tu d e n t was a b se n t on th e  day o f th e  ex am in a tio n . 
S tu d en ts  No. 1-23 ex p erien ced  c o n c re te  i n s t r u c t i o n .
S tu d en ts  No. 24-48 ex p e rien ced  fo rm al i n s t r u c t i o n .
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TABLE E-3
SPEARMAN-BROWN SPLIT HALF RELIABILITIES OF CONTENT EXAMINATIONS
C ontent
Exam ination
M u ltip le  Choice 
^hh ^xx
F ree  Response 
^hh ^xx
S t a t i c
E l e c t r i c i t y 0.038 0.073 0 .412 0 .5 8 4
C u rren t
E l e c t r i c i t y 0 .421 0 .593 9 .458 0 .6 2 8
L ig h t & 
O p tic s 0 .432 0 .603 0 .140 0 .246
Sound 0.134 0.236 0 .682 0 .811
Magnetism 0.308 0 .471 0 .462 0 .632
E le c tro ­
m agnetism 0.178 0.302 0 .205 0 .340
